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Phaeochromocytoma in pregnancy 


L. M. Brunt 


Department of Surgery, Section of Endocrine and Oncologic Surgery, Washington University School of Medicine, 660 South Euclid Avenue, 


St Lows, Missouri 63110, USA (e-mail Bruntm@msnotes wustl.edu) 


Phaeochromocytomas are uncommon tumours with an 
estimated frequency of less than 0-1 per cent in the 
hypertensive population. Characterized by a 10 per cent 
frequency of distribution (10 per cent extra-adrenal, 10 per 
cent familial, 10 per cent bilateral, 10 per cent in children 
and 10 per cent malignant), phaeochromocytoma may also 
occur coincidentally during pregnancy. Although its precise 
incidence in pregnancy is difficult to determine, only 
around 200 such cases have been reported in the world 
literature’. In a recent review of 30246 pregnant women 
over 22 years of age at the Mayo Clinic, only four individuals 
(0-013 per cent) had adrenal tumours, two of which were 
phaeochromocytomas’. None the less, the topic of 
phaeochromocytoma in pregnancy is important because 
of the potentially lethal consequences to both the mother 
and the fetus if the tumour goes unrecognized. 

Before the 1970s most cases of phaeochromocytoma in 
pregnancy were diagnosed either postpartum or at post- 
mortem examination. Failure to make the diagnosis before 
delivery has been associated with a maternal mortality rate 
of at least 40 per cent, with fetal death in over 56 per cent of 
cases’. However, progress has been made in recent years in 
terms of increased recognition and in improved methods of 
diagnosis, medical management and tumour localization. In 
a review of 139 patients with phaeochromocytoma in 
pregnancy, Harper and associates’ found that the maternal 
mortality rate between 1980 and 1987 had fallen to 17 per 
cent overall, and was only 1 per cent if the diagnosis was 
made antepartum. Still, only about half the cases were 
diagnosed before delivery. Causes of maternal death in 
untreated cases have included stroke, cardiac arrhythmia, 
pulmonary oedema and malignancy. 

Clinical suspicion of a phaeochromocytoma should be 
entertained in any patient (pregnant or not) who has 
hypertension and ‘spells’, episodic hypertension, or 
hypertension that occurs in the setting’ of a genetic 
predisposition to phaeochromocytoma ‘(e.g. multiple 
endocrine neoplasia type 2, von Hippel—Lindau syndrome 
or neurofibromatosis). Hypertension due to phaeochromo- 
cytoma may be paroxysmal or sustained and is the most 
constant feature. Headaches are also common and may 
appear somewhat more frequently in the pregnant patient 
than in non-pregnant individuals; other symptoms may 
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include palpitations, sweating, blurred vision, anxiety, 
emesis, dyspnoea and convulsions. Because some of these 
complaints may also appear during normal pregnancy or in 
patients with pre-eclampsia, suspicion of the diagnosis is 
often delayed. Hypertension in the patient with pre- 
eclampsia, however, usually develops in the third trimester 
and is associated with proteinuria, so phaeochromocytoma 
should be considered in the differential diagnosis of any 
pregnant patient who develops hypertension before the 
20th week of gestation, who has hypertension that is not 
associated with protein in the urine, or who has unusual or 
labile hypertension. 

Diagnostic evaluation of phaeochromocytoma in the 
pregnant patient is straightforward because maternal 
catecholamine levels are not normally affected by preg- 
nancy*. Biochemical evaluation should begin with a 24-h 
urine collection for catecholamines and. metanephrines. 
Plasma catecholamine levels obtained during a sympto- 
matic episode may be helpful in patients with clinically 
suspicious symptoms but negative urinary studies. 
Magnetic resonance imaging (MRI) is the imaging modality 
of choice. MRI poses no risk to the fetus and can be used to 
localize both adrenal and extra-adrenal tumours. 
Furthermore, phaeochromocytomas have a characteristic 
bright appearance on T2-weighted MRI sequences. 
('2I]m-iodobenzyl guanidine scintigraphy has not been 
evaluated in the pregnant patient and is probably contra- 
indicated because of the potential for the agent to cross the 
placental barrier with unknown consequences’. 

Once a diagnosis of phaeochromocytoma in pregnancy 
has been made, the initial goal is to control hypertension 
and tachycardia pharmacologically. Prevention of hyper- 
tensive exacerbations is probably the single most important 
variable affecting fetal outcome as severe hypertension 
can result in utero placental insufficiency, early separation 
of the placenta and fetal death. The direct action of 
maternal catecholamines crossing the maternal-placenta 
barrier plays a less important role in fetal damage, since 
most maternal catecholamines are mactivated by high 
catecholamine degradative enzyme activity in the placenta. 
Alpha-adrenergic receptor blockade should be instituted 
with phenoxybenzamine at a low dose (10 mg three times 
daily), and gradually titrated upward until hypertension is 
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controlled and the patient experiences mild orthostatic 
hypotension and nasal congestion. As an alternative to 
phenoxybenzamine, prazosin and/or labetalol can also be 
used for alpha blockade. Beta blockade should be reserved 
for patients with persistent tachycardia or tachyarrhyth- 
mias, and those with predominately adrenaline-secreting 
tumours. Selective beta blockade with metoprolol or 
atenolol is preferred as the use of long-term propranolol 
during pregnancy has been associated with intrauterine 
growth retardation. Fluids should be administered liberally 
during alpha receptor blockade to fill the expanded 
intravascular volume and to maintain a vigorous urine 
output. Ideally the patient should be managed in a referral 
centre with expertise in treating both high-risk pregnancies 
and the surgical, medical and anaesthetic management of 
phaeochromocytoma. 

The timing of surgical intervention in the pregnant 
patient with a phaeochromocytoma must be individualized 
according to the adequacy of medical control of hyperten- 
sion, tumour size, likelihood of malignancy and stage of 
pregnancy. Most groups recommend proceeding with 
adrenalectomy if the diagnosis is made in the second 
trimester, when the uterus is relatively quiescent and the risk 
of spontaneous abortion during surgery is low”*?, In the 
first trimester patients should be managed medically until 
the second trimester is reached, at which time adrenalect- 
omy is carried out. If the diagnosis is made in the third 
trimester, surgery should be delayed until after delivery if 
symptoms and blood pressure can be contralled medically. 
The patient and fetus must be monitored closely, however, 
because hypertensive crises may be precipitated by 
haemorrhage into the tumour, labour contractions, fetal 
movement and even mechanical pressure from the uterus. 
Failure to control hypertension and evidence of malignancy 
on imaging studies are indications for adrenalectomy 
regardless of the stage of pregnancy. 

The best method of childbirth in these patients is 
somewhat controversial. Some groups have recommended 
elective delivery by Caesarean section once fetal maturity 
has been reached, followed by adrenalectomy during the 
same anaesthetic*’, However, if the patient is well 
controlled medically, a vaginal delivery may be possible’, 
especially if the mother has had previous vaginal deliveries. 
Adrenalectomy may then be carried out ata suitable interval 
following recovery from childbirth. 

A final consideration is the surgical method by which 
adrenalectomy is performed. In the 1990s, laparoscopic 
adrenalectomy became the preferred approach for the 
removal of most adrenal tumours, including phaeochro- 
mocytomas®. Although experience with laparoscopic 
adrenalectomy for phaeochromocytoma ın pregnancy has 
been limited”, there may be several advantages in using 
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such an approach. Fernandez-Cruz and colleagues” showed 

that laparoscopic adrenalectomy for phaeochromocytoma 

was associated with less pronounced haemodynamic 

alterations and lower circulating catecholamine levels than 

open adrenalectomy, which in the pregnant patient might 

favourably impact on the outcome for both mother and 

fetus. Reduced postoperative pain and a faster recovery are 

also proven benefits of the laparoscopic approach’”. Despite 

theoretical concerns about the adverse effects of carbon 

dioxide pneumoperitoneum on the fetus, several other 
laparoscopic procedures (including cholecystectomy and 

appendicectomy) have been carried out during pregnancy" 
without adverse consequences for either the mother or 
fetus. With the lateral transabdominal approach, the 
laparoscopic ports are placed in the subcostal and 

flank region, well away from the gravid uterus. 

Laparoscopic adrenalectomy can be technically difficult as 

phaeochromocytomas may be large and vascular; indeed the 
vascularity of these tumours may be augmented by the 
effects of pregnancy itsef”?. It is therefore advisable that this 

approach is only undertaken by surgeons who are highly 
experienced in laparoscopic adrenalectomy techniques. 

In summary, phaeochromocytoma in pregnancy is a rare 
condition that should be suspected in any pregnant woman 
with severe or unusual hypertension. Early recognition and 
diagnosis and a multidisciplinary team approach to manage- 
ment involving the obstetrician, surgeon, endocrinologist 
and anaesthesiologist are essential for a successful outcome. 
Laparoscopic adrenalectomy may offer an improved 
surgical management option for these patients. 
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Provision of long-term vascular access for haemodialysis in a 
patient with exhausted superficial arm veins 


A young patient is referred for permanent vascular access for 
haemodialysis. He bas previously bad multiple temporary vascular 
access catheters placed in the subclavian veins and bilateral failed 
radiocephalic and brachiocephalic arteriovenous fistulas. How 
should the surgeon proceed? Professor Michael Nicholson of 
Leicester, UK replies. 


Surgeons involved in vascular access are being referred an 
creasing number of patients with exhausted forearm 
venous systems as a result of failed primary and secondary 
access procedures. Faced with this problem the surgeon 
must choose between placing a permanent central venous 
catheter (usually in the jugular venous system), performing 
an upper arm arteriovenous fistula using transposed 
autogenous vein, or placing a prosthetic graft in the arm 
or the leg. The correct choice of procedure depends on a 
careful preoperative assessment of the arterial inflow and 
venous drainage of the upper and lower limbs. However, it is 
also important not to discount the use of continuous 
ambulatory peritoneal dialysis (CAPD), even in patients 
who have had a number of previous failures using this 
technique. Many patients are labelled as having inoperable 
adhesions but it may still be possible to place a CAPD tube 
into the pelvis via a lateral rectus splitting approach through 
a previously unoperated site. 

If CAPD is not an alternative, are the basilic and 
subclavian veins patent? This can only be determined by 
performing contrast venography or duplex scanning. The 
latter proyides a better assessment of basilic vein patency 
but traditional phy is better for the subclavian vein 
as iti is obscuged froi&,ultrasound by the clavicle. Detailed 

Should be-tegarded as essential, particularly in 
foods have had Aa subclavian venous catheter- 
izatidn'ys, this proedduge causes significant central venous 
stenosistin up to 50 ped cent of patients’. If one of the 
subclavian’ veins ‘glen ‘with the ipsilateral basilic vein are 
found to “be~paten the best choice for tertiary vascular 
access is a brachiobasilic fistula employing a vein transposi- 
tion. The advantage of using the basilic vein is that it lies 
under the deep fascia of the arm where it is protected from 
damage by venipuncture. The basilic vein is mobilized out 
of its subfascial bed, transposed into a subcutaneous tunnel 
down the middle of the upper arm and then anastomosed 
end to side to the brachial artery. This is an underused 
method of permanent vascular access which has a good 
long-term patency rate and a low incidence of infection’. 
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In many cases a brachiobasilic fistula is not an option 
because the ipsilateral subclavian vein is severely stenosed or 
occluded. In this situation the first consideration should be 
the use of interventional radiology to treat stenotic or 
occlusive venous disease by a combination of angioplasty 
and/or stenting. Unfortunately the long-term patency rates 
following these procedures are relatively poor, with a 
success rate of less than 30 per cent at 6 months. In a 
number of patients the problem can be solved, at least in the 
medium term, if the jugular veins are patent; this allows the 
insertion of a cuffed tunnelled permanent central venous 
catheter. Still, these catheters commonly require removal 
for infection or thrombosis and have patency rates of less 
than 50 per cent at 12 months. Prosthetic brachiojugular 
graft fistulas offer an alternative but have been used much 
less and, although good early patency results have been 
reported*, long-term follow-up of large numbers of 
procedures is awaited. It is likely that this form of access 
will also be prone to thrombosis and infection. 

If preoperative imaging shows that the patient has a 
significant stenosis or occlusion of the superior vena cava, all 
the options described so far are precluded and attention 
must be turned to the legs. Again it is important to perform 
preoperative imaging, particularly of the venous outflow of 
the legs, including the saphenous, femoral and iliac veins. 
One difficulty the surgeon may encounter is a patient who 
has had temporary vascular access catheters placed in one or 
both femoral veins. This leaves haematomas in the groins, 
making any surgery more difficult and also increasing the 
risk of infection. The choice in these patients lies between 
using saphenous vein or prosthetic material such as 
polytetrafluoroethylene to form an arteriovenous graft in 
the thigh. Probably the commonest procedure in the past 
has been to perform a loop graft between the femoral artery 
and saphenous or femoral vein, but it is also possible to use a 
straight graft placed between the popliteal artery and the 
femoral vein. Thigh grafts are associated with a number of 
drawbacks, including a propensity to cause infection and _ 
distal ischaemia, both of which can lead to loss of limb and 
even loss of life. The incidence of serious infection, 
particularly with methicillin-resistant Staphylococcus aureus, 
is certainly much higher for grafts placed in the thigh 
compared with those in the arm’. A novel strategy that may 
reduce the risk of infection 1s to position a prosthetic loop 
graft between the femoral artery and vein in the subsartorial 
canal. This requires only a short incision in the mid thigh 
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and allows placement of a graft in the cleaner distal thigh 
region. 

The number of people requiring haemodialysis for end- 
stage renal failure continues to expand, and surgeons are 
being referred older and more medically challenging 
patients every year. There is no doubt that vascular access 
procedures using autogenous vein have the best patency 
rates and the lowest incidence of infection; a ‘vein first 
policy’ should be pursued. Perhaps the most important 
message is do not forget the basilic vein. 

M. L. Nicholson 
University Department of Surgery 
Leicester General Hospital 
Gwendolen Road 
Leicester LES 4PW 
UK 
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Background: Dysphagia is experienced by many patients after antireflux surgery. This literature review 
examines factors associated with the development, prediction and management of postoperative 
dysphagia. 

Methods: Published studies examining issues related to dysphagia, gastro-cesophageal reflux and 
fundoplication were reviewed. 

Results: Postoperative dysphagia is usually temporary but proves troublesome for 5-10 per cent of 
patients. Technical modifications, such as a partial wrap, division of short gastric vessels and method of 
hiatal closure, have not conclusively reduced its incidence. There is no reliable preoperative test to 
predict dysphagia. 

Conolusion: It is uncertain whether postoperative dysphagia arises from patient predilection or is 
largely a consequence of mechanical changes created by fundoplication. Anatomical errors account for a 
significant proportion of patients referred for correction of dysphagia but these are uncommon in large 
single-institution studies. Abnormal manometry cannot predict dysphagia and, on current evidence, 
‘tailoring’ the operation does not prevent its occurrence. 


Paper accepted 15 September 2000 


Introduction 


The incidence of antireflux surgery is increasing despite the 
widespread use of proton pump inhibitors’. This is partly 
attributable to patient acceptance of minimally invasive 
surgery’, but may also be due to the marketing of the 
procedure as a valid alternative to prolonged medical 
therapy’. Minimally invasive surgery is not without 
complications, and the management of these complications 
may negate the proposed cost benefit for surgery over long- 
term medication®. One of the most troublesome complica- 
tions is persistent postoperative dysphagia. Although some 
patients experience preoperative dysphagia and many 
experience some degree of early postoperative dysphagia, 
persisting difficulties affect 5-10 per cent of patients and 

ire surgical revision or dilatation in 1-3 per cent of 
cases’'°, This review assesses the incidence of post- 
operative dysphagia, examines factors associated with its 
development, and considers methods of prevention and 
management. 


Methods 


A computerized Medline search was performed with the key 
words ‘fundoplication’ and ‘gastro-oesophageal reflux’ 
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combined with ‘dysphagia’ for the period January 1985 to 
January 2000. The bibliographies of the retrieved articles 
were reviewed to obtain other relevant papers. A manual 
search of abstracts published in Gastroenterology was under- 
taken for 1998 and 1999. Abstracts are referenced only if 
they report new material or the results of randomized 
controlled trials. Articles are restricted to those written in 
English. Outcome after surgery for giant hiatus hernia or 
Collis gastroplasty is not examined. The role of antireflux 
surgery for patients with scleroderma or other connective 
tissue disease, and after myotomy for achalasia or Chagas 
disease, is also not examined. 

There has been a slow improvement in the quality of 
available research with an increasing number of well 
conducted randomized controlled trials and prospectively 
determined outcome audits. However, many papers still 
have serious deficiencies, including lack of independent 
follow-up and unspecified measurements for dysphagia. For 
these reasons, it is likely that the incidence of postoperative 
dysphagia is under-reported in many papers. The effect of 
different systems of measurement of dysphagia has been 
demonstrated in a trial evaluating the effect of division of 
short gastric vessels''. Four methods were used, resulting in 
an incidence of dysphagia in one group of 15, 17, 56 or 74 
per cent, depending on the chosen system. 
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Preoperative dysphagia 


Excluding patients with an oesophageal stricture, dysphagia 
occurs in 20-50 per cent of patients before antireflux 
surgery". This preoperative symptom ıs improved in 
most patients after antireflux surgery”! 16, although 
new or worse dysphagia is noted ın 2-14 per cent!2:15:16, 
Difficulty in swallowing occurs frequently with reflux 
disease, although it is often not reported or recognized by 
patients owing to modification of diet or eating habits!”. In 
non-surgical populations, the incidence of dysphagia, as 
distinct from odynophagia, is not well recorded'*'?. In a 
retrospective study, El-Serag and Sonnenberg reported an 
incidence of dysphagia of 3 per cent in 29514 patients 
without stricture or ulcerative oesophagitis, and 13 per cent 
in 5064 patients with these complications. 
Triadafilopolous”’ reported an incidence of 47 per cent in 
patients with erosive oesophagitis. Possible mechanisms of 
preoperative dysphagia include the presence of a hiatus 
hernia?'3, impaired primary peristalsis’, impaired 
secondary peristalsis’*?°, oesophageal inflammation” ??, 
hypersensitivity to acid”°° and lowered sensory threshold 
to a bolus’. It is possible that some of these characteristics 
would make patients unsuited to fundoplication. 

Whether preoperative dysphagia correlates with post- 
operative dysphagia has, surprisingly, been evaluated 
infrequently. Rydberg et al. and Gotley et al? found no 
correlation between preoperative and postoperative dys- 
phagia. Beckingham*’, while commenting on a previous 
study**, also reported no relationship. 


Mechanism of dysphagia after fundoplication 


Technical errors and surgical complications account for a 
proportion of early postoperative dysphagias. These 
problems are mainly anatomical and include an excessively 
tight fundoplication, a twisted fundoplication, a slipped 
fundoplication, paraoesophageal herniation or hiatal 
stenosis’*>3?. However, the majority of patients with 
transient dysphagia have no identifiable cause. It is 
suggested that temporary dysphagia may be attributable 
to oesophageal oedema*’, stretching": or temporary 
hypomotility. 

Fundophication increases the length of a high-pressure 
zone at the oesophagogastric junction. Although this is 
frequently described as the ‘lower oesophageal sphincter’ 
(LOS)***, this is incorrect terminology as intrinsic 
sphincter function makes only a small contribution to the 
oesophagogastric junction pressure after fundoplication**. 
Fundoplication also increases the resting pressure of this 
LOS***7-48 and increases residual (nadir) pressure on 
swallowing*’*’. The increase in LOS pressure arises from 
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the extrinsic mechanical compression of the wrap, which 
can be demonstrated én vivo’?! and ex vivo”, and also from 
hiatal closure“. Fundoplication maintains the length of the 
LOS during gastric distension“ and it is observed that, as 
gastric pressure increases, the fundoplication imparts a 
proportionally greater radial force to the oesophagus with 
the observed LOS pressure double that of intragastric 
pressure’. It is hypothesized that this higher pressure 
occurs because of the shorter radius of curvature of the wrap 
than the gastric body”. This increased pressure gradient 
created by fundoplication improves retrograde compe- 
tence? possibly at the expense of compromising 
antegrade flow’? and so may result in dysphagia. 

Other observed consequences of fundoplication include 
impaired LOS relaxation secondary to oesophageal 
distension®* and changes in the velocity of oesophageal 
peristalsis*’; however, overall peristaltic function is 
improved***’. Kahrilas eta/.?1°?°* have investigated the 
mechanisms of swallowing and the effect that fundoplica- 
tion has on bolus transport across the oesophagogastric 
junction. This region differs from the tubular oesophagus 
where a bolus propagates as the result of luminal closure 
from circular muscle contraction, accompanied by long- 
itudinal muscle contraction resulting in a stripping 
peristaltic wave. The oesophagogastric junction and 
phrenic ampulla rely on shortening of the longitudinal 
muscle to elevate the oesophagus and then recoil, owing to a 
combination of longitudinal muscle relaxation and the 
effect of oesophageal attachments, such as the phreno- 
oesophageal ligament. Emptying of the phrenic ampulla 
occurs during expiration. Fundoplication interferes with 
this process by preventing axial movement of the oesopha- 
gogastric junction and by limiting the opening dimensions 
of the squamocolumnar junction’ 3. The consequence of 
this is raised intrabolus pressure™?””. If the oesophageal 
muscle cannot increase its tone sufficiently to overcome this 
pressure, failure of oesophageal emptying occurs” and the 
oesophagus exhibits repetitive sustained contraction? ó }®, 
However, correlation of these findings with clinical 
dysphagia has not yet been reported. 

Another consequence of fundoplication is an inhibition 
of spontaneous transient LOS relaxation*”°°. This may 
result from the wrap preventing shortening of the LOS® or 
limiting fundic distension, a major stimulus for transient 
LOS relaxation ®. However, oesophageal mobilization and 
short gastric vessel division without fundoplication also 
inhibits transient LOS relaxation®’. This suggests that 
operative dissection may injure neural control mechanisms 
as transient relaxation is vagally mediated®*™. However, 
swallow-induced LOS relaxation is not affected by sham 
fundoplication®’, so mechanical factors rather than neural 
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injury appear to be more important in the causation of 
postoperative dysphagia. 


Incidence of postoperative dysphagia 


The incidence of postoperative dysphagia, as recorded in 
the literature, is extremely variable. Data from open 
antireflux procedures suggest rates of 2-44 per cent“, 
In addition to the previously mentioned influence that 
scoring system and scorer have on recorded rate, the time at 
which the measurement is taken also influences the rate. 
Dysphagia is very common immediately after surgery and 
cecreases over 3—6 months. A review of outcome after 
laparoscopic fundoplication was performed by Perdikis 
etal. from 1991 tol995"*. The results of this review are 
shown in Table 1, along with results for dysphagia from 
subsequent large open or laparoscopic prospective series. In 
series presenting several measures of dysphagia, dysphagia 
to solids is chosen to represent incidence. 


Operative factors influencing postoperative 
dysphagia 


The original Nissen fundoplication was +-6cm long and 
snug around the oesophagus’ *. DeMeester et a/.7*"° and 
Donahue et al.” introduced the concept of a short, floppy 
fundoplication. Techniques other than a 350° fundoplica- 
tion include the posterior Toupet’*, Lind”? or Guarner”? 
fundoplication, the transthoracic Belsey Mark IV proce- 


Table1 Dysphagia after fundoplication 






*Review of outcome after laparoscopic fundoplication from 1991 to 1995 
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dure, an anterior Dor, Watson? ®? or Thal fundoplication, 
and a Hill repair®’. These operations, as performed today, 
sometimes bear little resemblance to their original descrip- 
tions’ '. Laparoscopic fundoplication was first reported in 
1991™*** and has enabled a concentration of operative 
expertise with a concomitant interest in conducting 
randomized controlled trials examining technical factors 
and their influence on outcome. 


Laparoscopic versus open surgery 


Three published randomized controlled trials compare 
open with laparoscopic surgery*°’*. Heikkinen et al.” 
claim an increase in postoperative dysphagia with the latter 
but do not provide the data to assess significance. Laine 
etal.” demonstrated no difference in dysphagia (open 13 
per cent, laproscopic 16 per cent). The results of a 
multicentre randomized controlled trial of 103 patients 
show a significant difference in dysphagia rate at 3 months 
(open 0 per cent, laproscopic 12 per cent)**. However, two 
other trials, as yet reported only in abstract form, suggest no 
difference in rates of postoperative dysphagia”, 
Non-randomized data also provide conflicting informa- 
tion. Peters er a/.”' demonstrated a non-significant differ- 
ence (open 3 per cent, laparoscopic 9 per cent), which was 
associated with higher residual LOS pressure measure- 
ments in the laparoscopic group. Rantanen et al.” demon- 
strated a significant difference for temporary dysphagia 
(open 41 per cent versus laparoscopic 67 per cent; P= 0-05) 














Incidence of dysphagia (%) = _ Intervention for dysphagia (%) 
= patients | (<3 months) _@6months) Endoscop 
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but not for persistent dysphagia (open 18 per cent, 
laparoscopic 20 per cent). Four other trials failed to 
demonstrate any difference”? =”, The reasons suggested 
to explain the higher incidence of dysphagia after laparo- 
scopic surgery in some series include greater oesophageal 
trauma owing to impaired tactile feedback, less fundal 
mobilization, especially with non-division of short gastric 
vessels®®, and spatial differences resulting in the creation of 
a smaller posterior window”. However, many of these 
series were conducted anag the early experience with 
laparoscopy and the difference in dysphagia rates may be 
associated with a learning curve, although surgical in- 
experience does not seem to correlate with dysphagia*”””*. 


Type of antireflux procedure 


The rationale for performing a partial fundoplication is to 
reduce the resistance to bolus transport noted after a Nissen 
fundoplication, thus reducing the risk of dysphagia. 
Manometric measurements demonstrate lower resting 
LOS pressure and lower nadir pressure after anterior”? 
and posterior””®® fundoplication than after Nissen 
fundoplication. While there is some concern that partial 
fundoplication procedures fail to control reflux 
adequately”, several studies describe good long-term 
results!!! Anatomical models comparing yield 
pressure demonstrate similar results for Nissen and 
Toupet fundoplications®'*’, although the Toupet proce- 
dure permits reflux at low intragastric pressure™™"'"' and this 
is thought to permit gastric venting, perhaps reducing the 
incidence of gas bloat”® 

Few randomized controlled trials have compared 
methods of fundoplication; most have small numbers and 
have provided inconclusive or disputed results (Table 2). For 
instance, the study by Thor and Silander'™ contained only 
12 patients in the Nissen fundoplication arm; one-quarter 
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of these patients developed paraoesophageal herniation a 
accounted for the high rate of dysphagia. The larg 
randomized studies suggest that posterior fundophes 














has a similar rate of dysphagia to Nissen furdoplic: 
Anterior fundoplication (180°) has been compared 
Nissen fundoplication by Watson er al. °, with the 
that anterior fundoplication decreases the inc 
postoperative dysphagia at 6 months. Long-term follow-up 
in this cohort of patients is awaited to assess the durability of 
anterior fundoplication for control of gastro-oesophageal 
reflux. The most significant difference between groups after 
operation was with respect to dysphagia to lumpy solids, 
although other variables used to measure ¢ ve 
supported a better outcome for anterior fundoplicatic 
There was a near significant difference (/ 







in 
preoperative dysphagia to lumpy solids between groups in 
this study but, as stated previously, no study has yet 
demonstrated any correlation between Sher Sis 
postoperative dysphagia; it would be wise to e 
more rigorously. 

Non-randomized comparative series are Hawed as the 
decision to perform an antireflux procedure is made 
according to chronology”, surgical preference or is 
‘tailored’ because of suspicion of dysmotility’ 
Other variations in operative technique, such as fixation of 
the fundoplication by a ‘hiatopexy’ 
sutures, have not been compared with control groups. 
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or the use af ‘crown’ 





Division of short gastric vessels 


There are two published randomized controlled trials and 
one abstract that assess the effect of dvi i 4 
vessels on postoperative outcome!“ 


sion of short gastric 






Pool 








from these trials are shown in Tabæ 4. The two pul 


series'!'!!4 record no difference in outcome in terms of 


dysphagia. Luostarinen and Isolauri noted an increased 


Tabie2 Randomized controlled trials comparing methods of fundoplication 


Open or 
laparoscopic 


Laparoscopic 
` -Laparoscopic 





N, Nissen; H, Hill; B, Belsey Mark IV; T, Toupet; L, Lind; A, anterior 
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incidence of recurrent hiatus hernia in patients undergoing 
fundal mobilization, although this is likely to have arisen 
because of failure to close the hiatus. In contrast, Dalenback 
et al.''* demonstrated a significant reduction in dysphagia 
with fundal mobilization and a lower operative failure rate. 
Despite the pooled data suggesting a significant advantage 
in favour of short gastric vessel division, these results arise 
because of inclusion of the abstract by Dalenbick et al.. 
Publication of this study, along with long-term follow-up 
from the trial by Watson et a/.'', should help clarify the role 
of short gastric vessel division. 

DeMeester et a/.’°, in a series of 100 consecutive patients, 
felt that the addition of fundal mobilization was helpful in 
reducing the incidence of postoperative dysphagia after 
demonstrating that patients with fundal mobilization had 
complete manometric relaxation of the LOS on swallowing, 
unlike those without fundal mobilization. However, this 
technical modification was undertaken at the same time as a 
reduction in the length of the wrap and was not tested 
independently. In contrast, Luostarinen etal’? demon- 
strated slower oesophageal emptying 3 days after division of 
short gastric vessels, an effect not found in the group with 
intact short gastric vessels. At the outset of laparoscopic 
fundoplication, surgeons often avoided division of short 
gastric vessels. High rates of postoperative dysphagia led to 
reassessment of operative technique with subsequent 


Table3 Non-randomized trials comparing methods of fundoplication 





N, Nissen; T, Toupet; H, Hill; P, partial fundoplication 


Mai tou > . 32,68,71,72 
division, resulting in lower rates of dysphagia’™™® kera 


Whether this constitutes evidence or merely reflects 
learning curve bias is unclear. Attempts to wrap an 
immobile fundus around the oesophagus may result in a 
twisting deformity“. However, the randomized trials have 
demonstrated that it is possible to achieve tension-free 
wraps without the division of the short gastric vessels. The 
important technical element appears to be the creation of a 
floppy wrap, which requires fundal mobilization in some 
cases. 


Hiatal closure 


There is increasing recognition of the importance of the 
diaphragmatic crura in the antireflux mechanism, especially 
during inspiration and straining**''°"''*, Despite this, 
many surgeons have elected to forego hiatal repair during 
early laparoscopic procedures, resulting in an incidence of 
up to 10 per cent of wrap herniation or paraoesophageal 


136119 


herniation . This complication may result in recur- 


rent reflux or dysphagia. However, closing the hiatus also 
. It is sug- 
gested that part of the problem is related to oesophageal 
angulation created by a long posterior repair. Anterior 
closure has been compared with posterior closure in 77 
patients in a randomized trial, and reported in abstract 


. 3 Arys 
may contribute to postoperative dysphagia’? 
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Table4 Proportion of patients with dysphagia after fundoplication, with or without division of short gastric vessels 


No. of 
patients 





; Proportion with dysphagia 
< Follow-up ; peri 
(months) Division 
6 
36 
12 






Values in parentheses are percentages. *Two patients lost to follow-up at 6 months, considered dysphagia to lumpy solids; tone patient lost to follow-up, 


. o . - . + + vel + Z 
considered dysphagia of new onset or worse than before operation. n.s., Not significant. £y° test 
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form!?!. Postoperative dysphagia scores were similar 
between groups but a greater number of posterior repairs 
required operative revision because of a ‘tight hiatus’ 
diagnosed by postoperative barium swallow’?!. 


Bougie size and length of wrap 


DeMeester et a/.’”° demonstrated a reduction in temporary 


postoperative dysphagia in 100 consecutive patients by 
increasing the bougie size from 36 to 60Fr. Persistent 
dysphagia was reduced ın the same group by decreasing the 
wrap length from 4 to 1 cm. These technical aspects have 
been widely adopted and most surgeons now perform a 1-2- 
cm fundoplication over a 48-60-Fr bougie” >, although 
there is little confirmatory evidence to support the use of a 
bougie in addition to a floppy wrap. The anterior wall of the 
fundus is more compliant than the posterior wall in 
explanted cadaver stomachs, theoretically permitting a 
‘floppier’ fundoplication’, but the clinical relevance of 
this is unclear. One randomized trial!??, reported in 
abstract, compares the use of a 56-Fr bougie with 
fundoplication without a bougie. A significant difference 
in postoperative dysphagia was noted at 3 months (18 per 
cent bougie, 30 per cent no bougie) but recalculation using 
the data available in the abstract suggests that this not a 
statistically significant difference (P=0-07)'”?. 


Intraoperative manometry 


Calibration of the wrap during operation is an attractive 
proposition. Several authors support intraoperative mano- 
metry for partial and total fundoplication procedures, and 
believe it is an important element in minimizing recurrent 
reflux'!!!?3-!25_ Del Genio et a/.17* demonstrated that a 
‘hypercalibrated’ wrap was necessary to prevent recurrent 
reflux, but this was at the expense of an increased rate of 
postoperative dysphagia. The use of intraoperative mano- 
metry is not widespread because the reliability and accuracy 
of recordings under anaesthesia is doubtful'?®’?”. Although 
patients are unable to swallow, LOS relaxation can be 
elicited in response to an oesophageal balloon under 
anaesthesia, but operative dissection and performance of a 


fundoplication severely impairs this response)’. 


Prediction of postoperative dysphagia 


Few studies have examined patient factors that have a 
potential to affect outcome. Theoretically, elderly and 
diabetic patients may be more likely to experience post- 
operative dysphagia. The elderly have impaired secondary 
peristalsis? yet appear to have similar rates of post- 
operative dysphagia to those of younger patients’”*. Raised 
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blood sugar level increases oesophageal sensation to a 
distending stimulus!?? and, even in the absence of a 
demonstrated autonomic neuropathy, diabetes mellitus is 
associated with peristaltic failure and impaired oesophageal 
transit!?!, Oesophageal inflammation impairs primary*”"!3? 
and secondary”! peristalsis but clinically there 1s no 
correlation between grade of oesophagitis and postopera- 
tive dysphagia’*"**, Patients with hiatus hernia have 
impaired LOS function, and impaired acid clearance and 
oesophageal transit, which worsen with increasing hernia 
size. However, fundoplication seems to correct these 
deficits”. 

Psychological factors are related to patient satisfaction 
after operation, but do not correlate with persistent 
dysphagia’’’. Kamolz et al." hypothesized that patients’ 
eating habits contributed to the presence of troublesome 
early dysphagia. To evaluate this they used a test designed to 
measure the ‘locus of control’, which represents the amount 
of influence that patients feel they have over their outcome. 
Those who believed they had external control of their 
outcome had a significantly lower rate of dysphagia than 
those who believed that their outcome depended on fate or 
chance. This difference was present from 1 week to 
3 months after surgery. If postoperative dysphagia is due 
to pre-existing oesophageal factors, it should be possible to 
detect these using preoperative oesophageal function tests. 
The ability of preoperative oesophageal manometry and 
transit studies to predict postoperative dysphagia is 
discussed below. 


Manometry 


Non-specific and often contradictory manometric findings, 
including impaired LOS function and peristaltic 
dysfunction, occur frequently in association with gastro- 
oesophageal reflux’??37138_ Peristaltic dysfunction is 
considered by some surgeons to be a contraindication 
to total fundoplication’. However, the available 
evidence suggests that there is no correlation between 
abnormal primary peristalsis and postoperative 
dysphagia 1034345657,59,100,140 Disordered peristalsis often 
improves after operation and total fundoplication has been 
performed even in the presence of aperistalsis, without 
dysphagia resulting’**°. 

Conventional manometry analyses oesophageal response 
to swallowing a bolus of water. Most patients with 
dysphagia have greater problems swallowing solids. 
Therefore the use of a solid or semisolid bolus, or 
manometric measurements such as intrabolus pressure 
and secondary peristaltic function, may reflect the situation 
more accurately. However, the use of solids during 
manometry has proved difficult to standardize and inter- 
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pret'*!-!43_ The measurement of secondary peristalsis is 
also still largely experimental and has not reached the stage 
of routine clinical application?®!**'**, Ramp pressure, a 
representation of intrabolus pressure’**, is measured as the 
plateau pressure of the initial upswing of the manometric 
tracing just before the peristaltic wave contraction’. 
This pressure is increased by fundoplication”. Only one 
study’? has examined preoperative ramp pressure in the 
context of postoperative symptoms; it found no relationship 
with dysphagia. In the context of gastro-oesophageal reflux, 
manometry is useful to exclude disorders such as achalasia 
or diffuse oesophageal spasm! 414148 but, as it is currently 
performed, it provides little aid in prediction of post- 
operative dysphagia. 


Oesophageal transit studies 

An alternative measurement of oesophageal function is the 
time taken for bolus transport. Such transit studies may use 
solid or liquid boluses labelled with radionuclide or barium. 
These investigations have the advantage of being less 
invasive than manometry with greater patient acceptance. 
Only three studies have used oesophageal transit as a 
predictive strategy!*?"*!. Hunt et af.'*° used a technetium- 
labelled gelatin bolus and demonstrated that slow oesopha- 
geal transit (more than 24s) was predictive of postoperative 
dysphagia, although only a small number of patients was 
studied. Lundell eta/.'°° used technetium-labelled minced 
beef, which was masticated before swallowing. Delayed 
transit (more than 93s) was correlated to preoperative 
dysphagia, but was not predictive of postoperative dyspha- 
gia. Russell et a/.!°', using a technetrum-labelled water 
bolus, also demonstrated that prolonged transit (more than 
15s) was correlated with preoperative dysphagia but not 
with postoperative dysphagia. 

Oesophageal transit time is dependent on bolus 
viscosity'**!>3, composition and volume, and on patient 
position’? and oesophageal acidification’**. It is impaired 
in patients with gastro-oesophageal reflux in comparison to 
controls**!*>, Reference values for oesophageal transit 
need to be defined in each centre, with demonstration of 
reproducibility before routine clinical use. Itis possible that 
oesophageal transit might replace manometry as a screening 
test for achalasia or diffuse oesophageal spasm!*®!97. Its 
role in predicting postoperative dysphagia requires further 
investigation. 


Gastric emptying studies 


Theoretically, delayed gastric emptying could provoke 
postoperative dysphagia by increasing intragastric pressure, 
with a subsequent increase in wrap pressure around the 
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LOS which could impede bolus passage into the stomach”. 
Preoperative gastric emptying is normal in most patients 
with gastro-oesophageal reflux!**!*°. Fundoplication 
usually increases the rate of gastric emptying’*”"™. It is 
suggested that postoperative symptoms may be related to 
failure to enhance gastric emptying". However, in a study 
that specifically examined dysphagia, the postoperative 
emptying rate was not related to dysphagia’. This 
suggests that preoperative delayed emptying was associated 
with early postoperative dysphagia but not with long-term 


symptoms. 


Findings In patients who develop dysphagia 


Details of the causes of postoperative dysphagia differ 
depending on the origin of the report, duration of follow-up 
and methods of data collection. Patients referred to a 
tertiary referral centre differ from those in a prospective 
audit. Reports arising from surgical or gastroenterological 
units also differ in aim and available intervention. 


Anatomical findings 


Peptic strictures occur in a small number of patients after 
fundoplication’®. Other anatomical problems resulting in 
dysphagia include paraoesophageal herniation, slipped 
fundoplication, hiatal stenosis and a rotational deformity 
of the oesophagus!?>>?. Structural failure of the fundopli- 
cation occurs in 1-9 per cent of cases?**%71, although this 
may increase over long-term follow-up'™ and be greater in 
low-volume centres. Only about one-third of these 
anatomical complications results in dysphagia*®’’. Many 
patients remain asymptomatic or present with symptoms of 
recurrent reflux or chest pain. Correction of a demonstrated 
structural defect results in resolution of dysphagia in most 
instances’. Anatomical errors in fundoplication should be 
preventable. They are uncommon in recent prospective 
series from high-volume centres but have accounted for 
over 50 per cent of patients with persistent postoperative 
dysphagia referred for correction to a tertiary referral 
instituton’. 


Manometric findings 


Several studies have compared patients who developed 
dysphagia after fundoplication with those who did not. 
Anvari and Allen”? found higher mean LOS basal and nadir 
pressures in the group experiencing dysphagia after 
fundoplication. The finding of raised nadir pressure in 
association with dysphagia has been confirmed by other 
groups’™6%165,166 although the correlation ıs often 
weak’™!% and not universally demonstrated’*. 
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Oesophageal ramp pressure, as a measure of outflow 
resistance, may correlate with postoperative dyspha- 
gia 10,165,166 Unfortunately, many of these studies are 
available only in abstract form at present, contain small 
numbers of patients, and often combine patients with 
dysphagia with those presenting with other symptoms after 
antireflux surgery. The largest published series evaluating 
ramp pressure did not demonstrate a correlation with 
postoperative dysphagia”?. 

There is no difference in oesophageal body primary 
peristalsis!°>*!°” or secondary peristalsis’? between 
patients with and without dysphagia. Some authors have 
reported an ‘achalasia-like’ pattern in those with dysphagia 
after antireflux surgery despite normal preoperative mano- 
metry findings'**’®. This terminology implies neurologi- 
cal changes or injury to the LOS, whereas the manometric 
features possibly represent a tight fundoplication with the 
associated peristaltic dysfunction a result of outflow 
obstruction. 


Management of dysphagla 


The management of dysphagia relies on level 4 evidence 
(expert opinion) at best. The majority of patients with 
dysphagia will improve. This usually occurs by 3 months 
after operation®. These patients require dietary advice and 
reassurance; they are at risk of bolus obstruction if they fail 
to adhere to a soft diet initially. Observation of eating 
patterns and behavioural assessment, combined with 
psychological support, may prove useful for some’?®. 

Excessive weight loss and inability to tolerate liquids are 
of greater concern. For those with early severe dysphagia, a 
Gastrografin® (Schering, Berlin, Germany) or barium 
swallow is the most common initial investigation*®®'*’. 
Some centres perform radiographic contrast studies rout- 
nely after surgery to enable early laparoscopic revision 
before the development of adhesions®’. It is possible that 
some patients undergo unnecessary procedures because 
they might improve without active intervention. Endoscopy 
can demonstrate anatomical derangement, but this may be 
difficult to interpret’’°. It may be better than contrast 
radiology at predicting a disrupted wrap but worse at 
predicting one that is too tight'’!. The investigations 
appear complementary!® and both should be performed. If 
no anatomical reason for failure is revealed, repeat 
manometry may demonstrate increased LOS nadir pres- 
sure’”? although, as discussed previously, the importance of 
these findings is not clear. 

Pneumatic dilatation with a 30-40-mm balloon or 
bougienage has been used in a subgroup of patients with 
no identified cause of dysphagia, with relief being obtained 
in about 50 per cent’»!®:!”?_ Most patients respond to the 


@ 2001 Blackwell Science Ltd 


V. L. Wills and D. R. Hunt ° Dysphagla after antireflux surgery 493 


initial dilatation®’””, although the procedure is usually 
repeated if there is a suboptimal response. Dilatation is 
more likely to be successful in those with normal 
peristalsis'’* and an intact fundoplication'®. Anatomical 
problems are best corrected surgically’. In the case of hiatal 
stenosis, the fundoplication can be left intact’. In the 
absence of a demonstrated anatomical reason for failure and 
after failed dilatation, patients with residual problems may 
benefit from revision from a total to a partial fundoplica- 
tion’”?. The use of LOS myotomy in the absence of definite 
achalasia in patients with a refractory problem has been 
reported!. 

Patients who develop dysphagia after Heller myotomy 
for achalasia are often treated with prokinetic agents. The 
efficacy of these medications in the context of postfundo- 
plication dysphagia is not yet clear. 


Conclusions 


Dysphagia is a common symptom associated with gastro- 
oesophageal reflux and is usually significantly improved 
after antireflux surgery. However, in the early postoperative 
period a majority of patients experience difficulty with 
swallowing. Forewarned, and with dietary modification, 
many tolerate this temporary dysphagia with few com- 
plaints. A small group of patients, whether due to unrealistic 
expectations, oesophageal hypersensitivity or personality 
factors, find the temporary postoperative dysphagia intol- 
erable despite explanation and reassurance. Apart from 
ensuring a loose wrap, and a non-obstructing hiatal closure, 
there is little evidence to suggest that other interventions 
can reduce the incidence of temporary dysphagia. Results of 
randomized trials comparing total and partial fundoplica- 
tion confirm less early dysphagia after a posterior wrap but 
no difference in late dysphagia’™, and no early difference 
after an anterior wrap, but some benefit in intermediate 
dysphagia”. Identification of patient-related factors that 
differentiate those with troublesome dysphagia from those 
who are untroubled may help select those likely to develop 
problems and enable the introduction of preventive 
strategies or more accurate preoperative counselling. 
Dysphagia that fails to resolve is troublesome. 
Anatomical errors certainly account for a proportion of 
cases of non-resolving postoperative dysphagia but are 
uncommon in prospective series from high-volume centres. 
Experimental work demonstrates that the creation of a 
fundic wrap and hiatal repair prevents normal oesophageal 
axial excursion during swallowing. These factors may be 
related to dysphagia, but do not explain why only a small 
proportion of patients develop a persistent problem. 
Whether pre-existing or iatrogenic, oesophageal motility 
problems, with an inability to overcome the fixed, relatively 
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high nadir pressure created by fundoplication, appear to be 
the most likely explanation for dysphagia. There is no 
reliable test at present to predict those likely to experience 
long-term difficulty in swallowing. Abnormal conventional 
manometry does not correlate with postoperative dyspha- 
gia. This suggests that either the wrong aspects of 
oesophageal function are being examined, or that dysphagia 
is not a consequence of preoperative variables, but arises 
from operative technique. Further investigation of patients 
experiencing postoperative problems may help clarify 
mechanisms and identify predictive strategies. A unified 
approach to the measurement and reporting of post- 
operative dysphagia would help greatly in improving 
research in this field. 
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Baokground: The coexistence of an aortic aneurysm and a horseshoe kidney poses a technical challenge 
to the vascular surgeon at the time of aneurysm repair. The aim of this review is to develop a guideline 
for the treatment of patients with this dual pathology. 

Method: A literature review combined with local experience provided a total of 176 cases. These were 
divided into two groups: asymptomatic aneurysms (134) and ruptured aneurysms (42), both in 
combination with a horseshoe kidney. 

Resutts: Six types of operative approach were described: transperitoneal approach with or without 
separation of the renal isthmus, retroperitoneal approach, placement of a stent-graft, aneurysmal wrap 
and exploration without exclusion of the aneurysm. Diagnosis of the horseshoe kidney was made before 
operation in 81 per cent of patients in the asymptomatic group, and in 55 per cent (23 of 42) in the 
ruptured group. Computed tomography proved to be the most reliable diagnostic procedure. Occlusion 
of renal arteries originating from the aneurysm was reported in 51 per cent in the asymptomatic group, 
and in 74 per cent (23 of 31) in the ruptured group. 

Conclusion: The preferred surgical options for asymptomatic patients with an aortic aneurysm and a 
horseshoe kidney are the placement of a stent-graft or a retroperitoneal approach; both avoid many of 
the technical difficulties related to the presence of the horseshoe kidney. The approach of choice for a 


ruptured aneurysm is transperitoneal. Separation of the renal isthmus should be avoided. 


Paper accepted 2 November 2000 


Introduction 


The commonest anatomical variation of the kidney is the 
horseshoe kidney. It represents a fusion anomaly, mainly at 
the lower poles, that occurs between the fourth and sixth 
week of gestation. The isthmus connecting the lower poles 
may be a fibrous band or may contain functional paren- 
chyma!. Horseshoe kidneys show great variation in origin, 
number and size of renal arteries and veins; only 30 per cent 
of all horseshoe kidneys have a single renal artery to each 
side’. The combination of such a renal anomaly with an 
aortic aneurysm presents a diagnostic and therapeutic 
challenge to the vascular surgeon. This article describes 
the published experience of this situation and comments on 
the consequences of the variations that might be encoun- 
tered with this interesting dual pathology. 


Method 
A Medline search carried out using the keywords horseshoe, 
kidney and aneurysm revealed 78 publications. The 
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references from these publications revealed a further 11 
publications. A total of 89 publications’! describing one 
or more cases of an aortic aneurysm in combination with a 
horseshoe kidney was therefore considered. No limit was set 
to the year or language of publication. One overlapping 
report”! was found and excluded, leaving 88 publica- 
tions” to be reviewed. The authors’ own experience, 
consisting of two cases, was also included. 

All publications were studied for the following variables: 
year of publication, country and number of cases of aortic 
aneurysm with a horseshoe kidney. The following variables 
were recorded for the individual cases: sex and age of the 
patient, complaints related to the horseshoe kidney, 
cardiovascular risk factors (hypertension, diabetes mellitus, 
nicotine abuse and previous cardiovascular disease), diag- 
nostic procedures used, diameter and extent of the 
aneurysm, presentation (asymptomatic or ruptured), tme 
of diagnosis of the horseshoe kidney (preoperative or 
peroperative), and the general and vascular anatomy of the 
horseshoe kidney. Data were also collected about the 
operative approach, the level of cross-clamping of the aorta, 
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separation of the isthmus, and the number of renal arteries 
arising from the aneurysm and how these were handled 
during operation. Follow-up time was recorded, as well as 
the postoperative serum creatinine level, morbidity and 
mortality. Cases were analysed according to clinical 
presentation (asymptomatic or ruptured). The influence 
of the time of diagnosis (preoperative versus peroperative) of 
the horseshoe kidney was analysed for both groups. 


Results 


Patients 


A total of 176 cases was reported in the 88 articles published 
from 16 countries between 1956 and 1999*”° (including 
the authors’ own two cases). One case report described the 
combination of an aortic aneurysm with a cake kidney”, a 
form of fusion of the kidneys in which both the upper poles 
and the lower poles are fused; this case was included in the 
study. Information on the follow-up time and the post- 
operative serum creatinine level was described for less then 
15 per cent of the patients, so these variables were excluded 
from the analysis. There were 148 men and 11 women; the 
sex was not reported for the remaining 17 patients. Mean 
age was 65 (range 31-91) years. Seventy patients (40 per 
cent) were reported to have cardiovascular risk factors. Of 
these, 38 had hypertension, ten diabetes mellitus, 28 
nicotine abuse and 35 had a history of cardiovascular 
disease. Seven patients (4 per cent) had complaints related to 
the horseshoe kidney; two were caused by hydronephrosis, 
four by kidney stones and one patient had recurrent 
infections in combination with kidney stones. Almost all 
(172; 98 per cent) of the horseshoe kidneys had a 
parenchymatous isthmus; a fibrous isthmus was recorded 
in three and in one the anatomy was not reported. In 134 
patients (76 per cent) the aneurysm was asymptomatic. 
Acute presentation with a ruptured aneurysm occurred in 
42 cases (24 per cent). 


Table1 Renal arteries: anatomy and management 


Asymptomatic aneurysms 





i ~ 3 Ah BJE 
In this group of 134 aneurysms 
40,43 44 4648-5 1,53,57,61-64,66-70,72,73,75,9 





eurysm was diagnosed by abdominal radiography in 11 
cases (8 per cent), aortography in 41 (34 i 
ultrasonography in 16 cases (12 per cent), Computed 
tomography (CT) was used as a diagnostic procedure in 51 
patients (38 per cent). In two instances the aneurysm was an 
operative finding and in one patient diagnostic laparoscopy, 
performed on the suspicion of appendicitis, revealed the 
abdominal aneurysm and a horseshoe kidney. In 12 patients 
(9 per cent) the modality used to diagnose the aneurysm was 
not described. There were 77 aneurysms of the abdominal 
aorta (57 per cent) and 53 aortoiliac aneurysms (40 per cent); 
in four instances (3 per cent) the extent of the aneurysm was 
not reported. Mean diameter was 68 (range 30-110) mm but 
in 57 cases the diameter was not recorded. Most horseshoe 
kidneys (108; 81 per cent) were diagnosed before operation; 
26 were diagnosed during surgery. In these 26 c 
aneurysm had been diagnosed by plain abdominal radio- 
graphy in three, by aortography in seven and by ultrasono- 
graphy in nine cases. In two cases CT had been used and the 
horseshoe kidney had been missed. The diagnostic pro- 
cedure was not described for the remaining five patients. 
Table 1 shows the vascular anatomy and the number of 
renal arteries occluded and re-anastomosed for the horse- 
shoe kidneys diagnosed before and during operation in both 
the asymptomatic and ruptured groups. The mean number 
of renal arteries in the asymptomatic group was 3.1 (range 
2-7) and 3-9 (range 2-16) for the horseshoe kidneys 
diagnosed before and during operation respectively. 
Table2 shows the same variables for the six different 
operative approaches described: transperitoneal approach 
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, placement of a stent-graft (three)*> 


polyester wrap (two)? and exploration without exclusion 
of the aneurysm (four)**"''°, Aortic cross-clamping above 
the level of the renal arteries was performed in five cases (4 
per cent). In 11 (8 per cent) the clamp was applied below the 
renal arteries and in four (3 per cent) it was positioned 
between the renal arteries. The level of cross-clamping of 
the aorta was not described in 114 cases (85 per cent). 
Complications were reported in nine patients (7 per cent). 
Two developed ischaemia of one leg, treated by embo- 
lectomy. Two had postoperative bleeding requiring 
re-exploration; one of these patients had developed a 
retroperitoneal haematoma caused by bleeding from the 
cut edges of a separated renal isthmus. Five patients (4 per 
cent) developed renal insufficiency, of whom three needed 
temporary haemodialysis. Division of renal arteries was 
described in two of the five cases complicated by renal 
insufficiency; in none of these cases was the level of cross- 
clamping of the aorta mentioned. Of the five patients who 
suffered from renal insufficiency, four had had a transperi- 
toneal approach to the aneurysm with separation of the 
renal isthmus and the remaining patient had had a 
transperitoneal approach without separation of the renal 
isthmus. Five (4 per cent) of the patients with an 
asymptomatic aneurysm died, two from haemorrhagic 
shock, two from multiorgan failure and one from renal 
insufficiency. 


69,70.75,78,31,83,84 


Ruptured aneurysms 


716,27 ,29,31,36,38,4 1,42, 44-4749, 





In this group of 42 aneurysms 
50,52,54-56 58-60,62,64.65,67,71,74,77,7885.86 the aneurysm was 
diagnosed by physical examination in 18 instances. In one 
patient a plain abdominal radiograph was the diagnostic 
procedure used. Eleven aneurysms were diagnosed by 
aortography, six by ultrasonography and five by CT. In 
one case the diagnostic procedure used was not described. A 


Table2 Renal arteries: operative intervention and management in the elective setting 





- ‘Transperitoneal approach : 


-No separation of S 
renal isthmus _ 


‘Separation 
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thoracoabdominal aneurysm was diagnosed in one patient. 
In 20 patients the aneurysm was limited to the abdominal 
aorta and in 21 there was iliac involvement. The diameter of 
the aortic aneurysms varied from 30 to 250 (mean 86) mm; 
the diameter was not described in 26 cases. The horseshoe 
kidney was diagnosed before operation in 23 patients and 
during operation in 19 patients (Table 1). Of the 19 patients 
in whom the horseshoe kidney was diagnosed during 
operation, the aneurysm had been diagnosed by physical 
examination in 15, by abdominal radiography in one and by 
aortography in two patients. In one case the method of 
diagnosis of the aneurysm was not described. 

The mean number of renal arteries was 3-3 (range 2-7) 
and 2-7 (range 1-7) for horseshoe kidneys diagnosed before 
and after operation respectively. Table 3 shows the vascular 
anatomy and the number of renal arteries occluded and re- 
anastomosed for the three operative approaches described 
in this group: transperitoneal approach without separation 
of the renal isthmus (21 cases)?71723638:4447,49,50,56,62, 
64677174777886 transperitoneal approach with separation 
of the renal isthmus (20)!6223!414245.46,49,50,52,54,55,58-60, 
OEONOS GET OH as | placement of a stent-graft (one). In five 
cases the aorta was cross-clamped above the level of the 
renal arteries, in seven the aortic clamp was applied below 
the level of the renal arteries and in the remaining 30 cases 
the level of cross-clamping was not described. Eight 
patients developed complications. Ischaemia of one leg, 
requiring embolectomy, was noted in one patient. 
Development of renal insufficiency was described in seven 
patients, four of whom were treated with temporary 
haemodialysis. One of the seven cases complicated by renal 
insufficiency had had suprarenal aortic cross-clamping; the 
level of cross-clamping was not reported for the other six. 
Division of renal arteries originating from the aneurysm was 
not described in any of the seven cases complicated by renal 
insufficiency. Of these seven cases, renal insufficiency 
occurred after a transperitoneal approach with separation 
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Table3 Renal arteries: operative intervention and management in the emergency (ruptured aneurysm) setting 





*Arteries originating from aneurysm. n.a., Not applicable 


of the renal isthmus in three. Six patients in this group died, 
three from haemorrhagic shock, one from multiorgan 
failure, one from adult respiratory distress syndrome and 
one from myocardial infarction. 


Discussion 


The first documentation of a horseshoe kidney was by 
Berenger de Carpi in 1522”, but the first detailed 
description of the anomaly was written in 1665 by 
Botallus™”. The combination of a horseshoe kidney and an 
abdominal aortic aneurysm was described for the first time 
by Julian in 1956°, and in 1957 Phelan et a/.* were the first to 
exclude an aneurysm in the presence of a horseshoe kidney. 
Since that time a number of operative approaches have been 
described to enable the aneurysm to be repaired with 
preservation of renal function. At first, exclusion of the 
aneurysm was considered to be too difficult because of the 
complex vascular anatomy (years of publication 1956, 1964, 
1968 and 1975)>*!!°; two reports describe the aneurysm 
being wrapped with polyester, a therapy now obsolete (years 
of publication 1964 and 1984)*°7. In the early years when 
aneurysms were excluded, the renal isthmus overlying the 
aorta was divided (years of publication between 1959 and 
1997, median 198()55%!617.20,23-25,29,31,34,39-42,45,46,49- 
55,57-60,62-65,67,71,79,8086 but the need to divide the 
isthmus gradually disappeared with increasing operative 


experience (years of publication between 1957 and 1999, 
n P15. 17-19. 21-23. 26-30. 3? 5-35 i 
median 1986)* 1% 12-15, 17-19, 21-23, 26-30, 32, 33, 35-39, 43, 44, 46 


50,53,56,61,62,64,66-68, 70-74, 76~78,80,82 86,87 ,89 In later years a 


retroperitoneal approach to the aneurysm was advocated by 
some authors (years of publication between 1969 and 1997, 
median 1993)!7:6970.75,78,.81,83.84 and, finally, the endolum- 
inal placement of a stent-graft was introduced as a method 
of treating selected cases of aneurysm plus horseshoe kidney 
(years of publication 1997, 1998 and 1999)8°58.0 
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The incidence of horseshoe kidney is between 1: 600 and 
1 : 800; it is twice as common in men as in women’. Bec: 
men have a higher incidence of aortic aneurysm”, the 
combination of a horseshoe kidney and ane 
encountered more frequently in men, as the present study 
has shown. Nevertheless the male: female ratio i 
present work of about 13:1 is higher than v 
expected. Numerous cardiovascular anomalies have been 
reported to accompany horseshoe kidney’, and 
with such a lesion might be at higher risk of developing an 
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recurrent urinary tract infection, renal calculi and hydro 
nephrosis’. In this review, only sever: patients (4 per cent) 
were reported to have one of these comp! 
Presumably more patients must have had such complaints, 
but they were not described in the publications studied, The 
same holds for cardiovascular risk factors which were 
reported in only 70 cases (40 per cent). 

CT provides the best chance of diagnosing both the 


abdominal aneurysm and the horseshoe kidney (Fig. D), 
followed by aortography (Fig. 2). The horseshoe kidney was 





catons 








missed on CT in only two cases and in 17 per cent of the 
aortographies. Because CT is now the initial diagnostic 
modality of choice for asymptomatic aortic aneurysms”, 
the presence of a horseshoe kidney will often be known 
before operation. As would be expected, the chance of an 
unanticipated horseshoe kidney is far greater in those with a 
ruptured aneurysm than in the elective setting. In the group 
with ruptured aneurysm, the renal anomaly was diagnosed 
during operation in 19 of 42 patients (45 per cent); in the 
asymptomatic aneurysm group the proportion was 19 per 
cent. This difference is caused by the lack of sme for 
diagnostic tests in the emergency setting. For asvmpromatic 
aneurysm, an equal number of renal arteries arising from the 
aneurysm was occluded (5 1 per cent) or re-anastomosed (49 
per cent) on the graft, independent of the time of diagnosis 
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Fig. 1 Computed tomography showing the parenchymatous 
isthmus of a horseshoe kidney overlying the non-dilated part of 
the aorta just proximal to an aortic aneurysm 


of the horseshoe kidney. For ruptured aneurysms, the 
majority of the renal arteries arising from the aneurysm 
were occluded (23 of 31). There does not seem to be any 
advantage of a preoperatively diagnosed horseshoe kidney 
in this group, as the proportion of divided renal arteries was 
highest in the preoperatively diagnosed group (16 of 18 
compared with seven of 13 in the peroperatively diagnosed 
horseshoe kidneys). However, it should be noted that most 
of the renal arteries that were divided were described as 
being small. 

In the majority of patients, the aneurysm was excluded 
through a transperitoneal approach, with or without 
separation of the renal isthmus. A transperitoneal approach 
without division of the renal isthmus (Fig. 3) was reported in 
63 percent of the asymptomatic group and in 50 per cent (21 
of 42) of the ruptured group. A transperitoneal approach 
with separation of the renal isthmus was performed in 23 per 
cent of the asymptomatic group and in 48 per cent (20 of 42) 
of the ruptured group. In the asymptomatic patients more 
renal arteries arising from the aneurysm were divided when 
the isthmus was split than when it was left intact. This result 
was to be expected because the arteries to the renal isthmus 
have a higher chance of being divided when the horseshoe 
kidney is split. For ruptured aneurysm, the need for rapid 
vascular control probably lowers the threshold for division 
of the renal arteries and isthmus. This may well be the 
reason for the high proportion of divided renal arteries and 
isthmuses in the emergency setting. 

Although transperitoneal exposure for aortic reconstruc- 
tion has been dominant over the past four decades”, some 
authors advocate a retroperitoneal approach for aortic 


78,100,101 


surgery This has several advantages over the 


transperitoneal approach. It avoids interference with the 
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Fig.2 Aortography of the patient in Fig. 1 showing an aortic 
aneurysm and a horseshoe kidney. There are two renal arteries 
on the left side and two on the right side; all four arteries 
originate from the aorta above the level of the aneurysm 


renal isthmus, the urethers and most renal arteries and 
veins. However, the approach to the contralateral iliac 
artery is more difficult and the technique has been used 
exclusively in the elective setting. The present review shows 
that, although said to be relatively easy, the renal arteries 
arising from the aneurysm were all divided and no 
anastomoses to the the aortic prostheses were made using 
the retroperitoneal approach. However, there were only ten 
cases, a number that is too small to permit any definite 
conclusion. The authors believe that the theory behind 
using a retroperitoneal approach for asymptomatic aortic 
aneurysm in combination with a horseshoe kidney is strong. 
Despite the fact that in all published series all renal arteries 
arising from the aorta were divided, the retroperitoneal 
method can be advocated in the elective setting. 
Theoretically, the easiest method of avoiding the 
technical difficulties associated with the combination of 
an aortic aneurysm and a horseshoe kidney is to treat the 
aneurysm endoluminally with a stent-graft? 102.108, The 
disadvantage is that, for obvious reasons, aberrant renal 
arteries cannot be anastomosed to the prosthesis and will be 
covered by the stent-graft. If these vessels originate from the 
aneurysm neck, it would be possible to place a bare stent 
across their origins®**** but, as is shown in Tables 2 and 3, all 
renal arteries arising from the aneurysm were obliterated in 
both the asymptomatic and the ruptured cases using this 
method. A limitation of the technique is that the morphol- 
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Fig.3 Peroperative view of the patient in Figs 1 and 2. A 
horseshoe kidney lies inferior to a tube graft excluding an aortic 
aneurysm 


ogy of the aneurysm must be suitable for endovascular 
exclusion. This, and the presence of many or large renal 
arteries originating from the aneurysm, creates a contra- 
indication to stent-graft placement in most cases. In the 
authors’ opinion, the endovascular exclusion of an asymp- 
tomatic aneurysm can be advocated when morphologically 
feasible, but it must be accepted that support for this 
statement is scant as only four cases have so far been 
reported. 

Complications were much less common in the asymp- 
tomatic patients than in those with ruptured aneurysm (7 
per cent and 19 per cent (eight of 42) respectively). Renal 
insufficiency was the most common complication in both 
groups (4 per cent and 17 per cent (seven of 42) 
respectively). Division of the renal isthmus seems to 
increase the chance of developing renal insufficiency in 
both the elective (four of 31 cases) and emergency (three of 
20) setting. Unfortunately, the level of aortic cross- 
clamping was described very infrequently and so no 
conclusion about suprarenal aortic cross-clamping in 
relation to renal insufficiency can be drawn. Surprisingly, 
the number of renal arteries originating from the aneurysm 
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that are divided does not seem to influence postoperative 
renal function. The most probable explanation js that the 
divided arteries were small. One patient with an asympto- 
matic aneurysm suffered a haemorrhage after division of the 
renal isthmus. Together with urinary fistula formation, this 
is a frequently described complication of splitting the 
isthmus!®*. These findings suggest that the renal isthmus 
should ideally be left intact to reduce morbidity. In patients 
in whom the aneurysm was approached retroperitoneally or 
in whom a stent-graft was placed, no morbidity or death was 
reported. 

The authors recognize that this study is biased because of 
an under-reporting of failed cases. This is illustrated by the 
low mortality rate of 14 per cent (six of 42 patients) in the 
group with ruptured aneurysm. Nevertheless, this review 
presents the most complete data set possible; it can be used 
to suggest the optimal treatment and the pitfalls in handling 
the combination of an aortic aneurysm and a horseshoe 
kidney. Certainly, not treating the aneurysm, as described in 
some early cases™®! 1355771, can no longer be advocated in 
view of modern therapeutic possibilities. 


Recommendations 


A guideline for the diagnosis and treatment of aortic 
aneurysm in combination with a horseshoe kidney is 
outlined in Fig. 4. Adequate preoperative diagnosis of the 
horseshoe kidney and its vascular anatomy is important in 
choosing the best surgical approach in each individual 
patient, even though it does not seem to influence the 
peroperative handling of aberrant renal arteries. The 
unanticipated combination of an aneurysm and a horseshoe 
kidney can be avoided by using helical CT which is, in any 
event, the diagnostic modality of choice for general 
planning of surgery for aortic aneurysm. If helical CT ts 
not available, the combination of conventional CT and 
aortography is advised. When a patient with a ruptured 
aneurysm is in shock there is no time for extensive 
diagnostics. In such cases the aneursym is diagnosed by 
physical examination and ultrasonography, and the pre- 
sence of a horseshoe kidney might be missed. However, this 
has no significance in the choice of surgical approach. In the 
emergency setting the authors advocate a transperitoneal 
approach to gain maximal overview and rapid vascular 
control. Clamping of the aorta can be done at the usual site. 
The risk of damage to the horseshoe kidney and its 
vasculature is minimal because of the distal position of the 
organ and the fact that most abberant renal arteries 
originate distal to the horseshoe kidney itself. The renal 
isthmus should be spared if possible. In patients with an 
asymptomatic aneurysm, the horseshoe kidney should 
normally be discovered before operation. Adequate know- 
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Fig.4 Flow diagram showing the diagnosis and treatment of 
aortic aneurysm in combination with a horseshoe kidney. 
CT, computed tomography 


ledge of the vascular anatomy is essential to determine the 
approach of choice in such circumstances. When the aortic 
morphology is suitable and no dominant renal arteries 
originate from the aneurysm, the placement of a stent-graft 
should be considered. If dominant renal arteries arise from 
the aneurysm, the retroperitoneal approach seems to be a 
valuable method which avoids the overlying isthmus. As 
many accessory renal arteries as possible should be re- 
anastomosed to the prosthesis. 
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Background: Appendicectomy is the most common emergency surgical operation in children. ‘The aim 
of this study was to compare recovery after appendicectomy using either a laparoscopic or an open 
technique in children. 

Methods: Sixty-one children aged 4-15 years undergoing appendicectomy for suspected uncomplicated 
appendicitis were studied. The study was prospective, randomized and single-blinded, with parallel 
groups. Standardized anaesthetic technique and pain management were used. The study endpoints 
were postoperative pain, need for rescue analgesia, and length of hospital stay. 

Results: Children had significantly less pain after laparoscopic compared with open appendicectomy 8h 
after operation and on the first and second postoperative mornings (P<0-05). Laparoscopic 
appendicectomy resulted in a reduced requirement for rescue analgesia with oxycodone in hospital: 
mean(s.d.) 3-6(2-5) versus 5-8(3-3) doses (mean difference 2-2 doses, 95 per cent confidence interval (c.i.) 
0-6-3-8 doses); P=0-01. The mean(s.d.) length of hospital stay was significantly shorter in the 
laparoscopic group: 1-9(0-7) versus 2-6(0-9) days (mean difference 0-7 days, 95 per cent c.i. 0-3-1-1 days); 
P=0-001. Three children who had open appendicectomy developed a wound infection. 

Conclusion: Laparoscopic appendicectomy is associated with less postoperative pain and a shorter 
hospital stay than open appendicectomy in children undergoing surgery for uncomplicated appendicitis. 


Paper accepted 3 November 2000 


Introduction 


Acute appendicitis is the most common indication for 
emergency surgery among children’. Appendicectomy has 
been the ‘treatment of choice’ for appendicitis for nearly a 
century. Although it is a simple operation associated with 
a very low mortality rate, appendicectomy may result in 
significant postoperative morbidity, particularly post- 
operative pain?*, Laparoscopic appendicectomy was first 
described in 1983 and has since become routine in many 
centres*. Laparoscopic surgery is expected to offer potential 
benefits because it is a less traumatic surgical technique’. 
However, the benefits of laparoscopic appendicectomy 
remain unproven. One study in children showed that the 
laparoscopic approach allows a faster recovery after 
operation’, but another found no advantage compared with 
open surgery’. The present study was designed to address 
these conflicting findings. 

This study was undertaken to evaluate recovery after 
laparoscopic appendicectomy compared with open 
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appendicectomy in children with suspected uncomplicated 
appendicitis. Children with complicated disease were not 
included in the final analysis. It is known that advanced 
appendicitis with peritonitis is associated with prolonged 
hospital stay, irrespective of the surgical approach®. The 
study variables were pain after operation, the need for 
rescue analgesia, and length of hospital stay. Recovery at 
home was evaluated, comparing severity and duration of 
pain and the need for analgesia after operation. 


Patients and methods 


The study was approved by the ethics committee of Kuopio 
University Hospital and Kuopio University, and was 
conducted in accordance with the Declaration of 
Helsinki. Children who were old enough and parents gave 
written informed consent. Seventy-three children (31 girls), 
with American Society of Anesthesiologists physical status I 
or Il, aged 4-15 years, 15-75 kg in weight, undergoing 
emergency appendicectomy between November 1997 and 
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November 1999 were studied. Children who had had 
previous abdominal operations and those with a known 
allergy to ketoprofen or other non-steroidal anti- 
inflammatory drugs, asthma, kidney or liver dysfunction, 
haemorrhagic diathesis, or 
excluded. 

The study design was prospective, randomized and 
single-blinded, with parallel groups. The diagnosis of acute 
appendicitis was based on a history of abdominal pain and 
persistent right lower quadrant tenderness. After a decision 
to operate, patients were allocated randomly (a sealed 
envelope method) to undergo either laparoscopic or open 
appendicectomy. Children, parents, research nurses and 
paediatric surgeons, except the principal investigator 
(H.L.), were blinded with respect to whether the patient 
was operated on via a laparoscopic or open technique, and 
remained blinded until a control visit scheduled for 7 days 
after operation. 

After operation each child had a similar wound dressing 
(Fig. 1). At discharge only five of 16 children, three of 14 
parents and five of 16 nurses were able to guess correctly the 
type of operation performed, with a similar distribution 
between the study groups. Five children, six parents and six 
nurses gave a wrong guess, and six children, five parents and 
five nurses were not able to give any answer. 

A standard orotracheal anaesthetic technique was used. 
Children were premedicated with diazepam orally. 
Fentanyl 2 g/kg was given intravenously and anaesthesia 
induced with thiopental; neuromuscular block was achieved 
with cis-atracurium. Anaesthesia was maintained with 
sevoflurane in oxygen 35 per cent in air with intermittent 
positive pressure ventilation. No local anaesthetics were 
used. All children had a nasogastric tube during the 
operation, and metronidazole 7 mg/kg was given intra- 
venously at induction as antibiotic prophylaxis. 

Laparoscopic procedures were performed by one 
paediatric surgeon (H.L.) with experience of more than 30 
laparoscopic appendicectomies. Patients in the open 
appendicectomy group were operated on by 13 surgeons, 
all of whom had experience of more than 200 open 
appendicectomies. 

Laparoscopic appendicectomy was performed in a 
standardized manner using two 5-mm working ports and 
one 5- or 10-mm sheath for the camera. A pneumo- 
peritoneum was created with the pressure maintained below 
12 mmHg. Ifa normal appendix was encountered, the entire 
abdominal cavity was explored laparoscopically. Open 
appendicectomy was performed through a McBurney 
incision. Operating time (from skin incision to wound 
closure) and total procedure time (from the time the patient 
arrived in the operating room until admission to the 
postanaesthesia care unit) were recorded. 


neurological disease were 
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Fig. 1 Schematic representation of the wound dressing used for 
each child after appendicectomy to allow blinding 


After operation postoperative pain was first assessed 
using the Maunuksela pain score (0, no pain, 10, worst 
possible pain) by specially trained research nurses, and 
thereafter children were asked to express the pain on a visual 
analogue scale. Pain scores were recorded at re 
coughing. 

On completion of the operation each child was 








ketoprofen | mg/kg as an intravenous bolus followed by 
4 mg/kg over 24h for background analgesia. After 24 h, pain 
treatment was continued with ketoprofen tablets (5 mg/kg 
over 24h). If the child was in a (pain score of 3 or more at 






Somin 
The number of 


rescue hee cated at 
intervals until the child was -eomfurable 
oxycodone doses was recorded. No aches analgesic tre 
ment was permitted during the study. All idere 
were recorded for each child. 

Children were discharged when they could tolerate a 
normal oral diet, had no dizziness or vomiting, were able to 
walk straight, had been apyrexial for 12h (temperature 

5°C), had no difficulty in passing urine, and 






lower than 37-5° 
had only mild pain, which was treated with oral ketoprofen. 

Recovery at home was evaluated by means of a diary for 
the first 7days and by a follow-up call 4weeks after 
operation. At home, pain was assessed using a four-point 
verbal rating scale (0, no pain; 3, severe pain). The diary was 


returned, the surgical dressings were removed and the 








blinding was Spencd at the control visit 7 days afte: 


operation. 
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Statistical analysis 


A power analysis suggested that, to have an 80 per cent 
chance of obtaining a 35 per cent reduction in the need for 
rescue analgesia at an o level of 0-05, a minimum of 30 
children per group would be needed. 

Analysis of continuous variables was performed using a 
two-tailed ¢ test for two independent samples. For 
categorical variables the x’ test and Fisher’s exact test were 
used. P=0-05 was considered statistically significant. 
Results are presented as the number of cases, mean(s.d.), 
mean difference and 95 per cent confidence intervals (c.i.) as 
appropriate. 


Results 


Patients 


Thirty-six children underwent open appendicectomy and 
37 had laparoscopic appendicectomy. Twelve children, five 
in the open group and seven in the laparoscopic group, had 
either local or diffuse peritonitis and so were excluded from 
the evaluation, thus leaving 31 children in the open group 
and 30 in the laparoscopic group. The two groups were 
similar in terms of age, weight, height and surgical diagnosis 
(Table 1). 


Surgery 


There was no need for conversion from laparoscopic to 
open appendicectomy. The mean(s.d.) operating time was 
similar in the two groups (34(18) min in the laparoscopic 
group and 30(11) min in the open group), but the total 
procedure time was significantly longer in the laparoscopic 
group (82(26) versus 62(15) min (mean difference 20 min, 95 
per cent c.i. 9-31 min); P=0-001). 


Postoperative pain 


The pain scores were lower in the laparoscopic group. The 
difference between the two groups was significant 8h after 


Table1 Patient characteristics 
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operation and on the first and second mornings after 
operation (Fig. 2). 

No patient in the open group experienced shoulder pain, 
compared with six children in the laparoscopic group. In 
these six children the shoulder pain lasted for a mean(s.d.) of 
14(9) (range 2-29) h. 

Every child in the open group and 28 of the 30 children in 
the laparoscopic group received rescue analgesics. In the 
laparoscopic group 15 children received two or fewer doses 
of oxycodone, compared with only three of the 31 children 
in the open group (P=0-001, x? test). Overall, the 
requirement for oxycodone was significantly lower in the 
laparoscopic than in the open group (Table 2). 


Adverse effects 


No patient vomited in the postanaesthesia care unit and 
only one child in each group experienced nausea. On the 
ward four children in the laparoscopic group and three in 
the open group vomited. One child in the laparoscopic 
group had urinary retention requiring bladder catheteriz- 
ation. Three children in the open group developed a wound 
infection. 


Discharge 


The mean(s.d.) length of hospital stay was significantly 
shorter in the laparoscopic group (1-9(0.7) versus 
2-6(0-9) days (mean difference 0-7 days, 95 per cent c.i. 
0-3-1-1 days); P=0-001). Hospitalization of 3 days or more 
was required for five children in the laparoscopic group, 








10 = ————_ Laparoscopic at rest 
| sea Laparoscopic on cough 
9 
| == = = Open at rest 
8 ~~~ Open on cough 
oe 6 g i 
ae 
Hi : 
& 4+ 
3 
a cm 
2 ~ 7 VA m = 
1; 
0 6 12 18 24 30 36 


Time after operation (h) 


Fig. 2 Mean pain scores after laparoscopic or open 
appendicectomy determined by a pain scale: 0, no pain; 10, worst 
possible pain. *P< 0-05 between the two groups at rest; TP < 0-05 
between the two groups at cough (analysis of variance) 
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Table2 Need for rescue analgesics in the two study groups 
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*Values are mean(s.d.) (range); tvalues in parentheses are 95 per cent confidence intervals. PACU, postanaesthesia care unit. Mann-Whitney L test 


compared with 16 children in the open group (difference 35 
per cent, 95 per cent c.i. 13-57 per cent; P= 0-004, x test). 


Recovery at home 


Fifty-eight diaries (95 per cent) were returned. All children 
experienced pain at home, and ten children in the 
laparoscopic group and 11 in the open group experienced 
the highest pain scores (moderate or severe). At home, 
children in the laparoscopic group received fewer analgesic 
doses and had pain for a shorter duration compared with 
children in the open group, but the differences were not 
significant. 

At I week after operation, four children in laparoscopic 
group experienced some degree of pain, compared with 11 
in the open group (P=0-05, 7° test). No patient in the 
laparoscopic group experienced significant pain, compared 
with three children in the open group (P=0-24, Fisher’s 
exact test). At 4weeks only one child in the open group 
experienced mild pain. 


Discussion 


In this study the recovery after laparoscopic appendic- 
ectomy was significantly improved compared with that 
following open appendicectomy. Children who underwent 
laparoscopic surgery had less pain and needed less rescue 
analgesia after operation than children who underwent 
open surgery. Moreover, the length of hospitalization was 
shorter after laparoscopic surgery. The duration of oper- 
ations was similar with both techniques, but the preoper- 
ative installation of the videoendoscopic equipment took up 
to 20min, thus increasing the total procedure time in the 
laparoscopic group. 

The cost-effectiveness of laparoscopic technique is 
difficult to determine. It depends on the balance between 
excess operating costs and decreased hospital stay. In this 
study the same reusable instruments were used to reduce the 
costs of laparoscopic appendicectomy. Disposable equip- 
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ment included endoloop ties (two per procedure) and suture 
materials. The total procedure time was longer, thus 
increasing operating room costs. Length of hospitalization 
was, however, decreased for patients having laparoscopic 





appendicectomy, resulting in an overall reduction in 
hospital costs. 

Lejus etal.’ conducted a randomized blinded study that 
compared laparoscopic with open appendicectomy in 
children, but did not find any difference in pain or recovery 
after operation. In contrast with the present study, th 
included patients with complicated appendicitis. There is a 
wide range of clinical presentations in 
appendicitis. Patients with more complex disease have more 
complications regardless of the surgical approach ™. In the 
present study children with complicated appendicitis were 
excluded and only those with uncomplicated appendicitis or 
a normal appendix were evaluated. In a previous study 
Hay% compared these two surgical approaches and found 
recovery to be superior after laparoscopic surgery. 
However, in that study randomization was based on 
parental consent and the study was not blinded. 

Patient-controlled analgesia (PCA) is an effective tech- 
nique of providing analgesia after oper 
education of patients, parents and nur 
successful and safe use?!°, Because of limited experience 
with PCA in the authors’ paediatric ward, it was decided to 
employ the normal postoperative pain treatment protocol 
which allows nurses to give opioids intravenously. 
However, pain treatment after appendicectomy remains a 
challenge whichever pain treatment is used. Morton and 
O’Brien’ described a study in which all children received 
morphine before surgical incision and all had wound 
infiltration with bupivacaine at the end of the operation. 
Despite additional postoperative analgesia with PCA 
morphine, a significant proportion of children still experi- 
enced severe pain. 









children with acute 
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In the present study appendicectomy also resulted in 
significant pain: all except two children needed resc 
analgesia despite background pain treatment with keto- 
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profen. However, pain after open surgery was more severe 
and lasted longer than with laparoscopic surgery. 
Ketoprofen has been shown to be an effective non-opioid 
analgesic in children after both minor and major surgery. 
Other studies have indicated that ketoprofen reduces or 
even eliminates the need for opioids after operation. 
Moreover, after major surgery ketoprofen results ın better 
pain relief and may even reduce some adverse effects of 
opioids, for example emesis and respiratory depression!)!, 

It is concluded that the laparoscopic technique has 
distinct advantages compared with open surgery in children 
undergoing surgery for uncomplicated appendicitis or with 
a normal appendix. After laparoscopic appendicectomy, 
children have less pain and hospital stay is shorter than 
following open appendicectomy. 
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Background: Detailed follow-up of patients with chronic hepatitis has resulted in increased diagnosis 
of hepatocellular carcinoma (HCC) in patients without cirrhosis. Despite numerous studies on hepatic 
resection, the prognostic factors for intrahepatic recurrence and survival are not well known for patients 
with HCC without cirrhosis. 

Methods: Among 349 patients with HCC treated in the past 13 years, cirrhosis was absent in 126 
patients (36 per cent). Curative hepatic resection was carried out in 100 (79 per cent) of these patients. 
Risk factors for intrahepatic recurrence and prognostic factors for survival were evaluated by univariate 
and multivariate analyses. 

Results: Postoperative morbidity and mortality rates were 22 and 3 per cent respectively. The 5- and 
10-year disease-free and overall survival rates were 31 and 50 per cent, and 22 and 47 per cent 
respectively. Blood loss, surgical resection margin, intrahepatic metastasis, portal vein invasion and 
extent of hepatic resection were independently associated with overall survival. However, the only risk 
factors for intrahepatic recurrence were portal vein invasion and hepatitis C virus (HCV) infection. The 
former was related to early recurrence while the latter was related to later recurrence. The 5-year 
disease-free survival rate was 58 per cent in patients with hepatitis B virus infection while it was 6 per 
cent in patients with HCV infection (P< 0-001). 

Conctusion: In the treatment of HCC without cirrhosis, major hepatectomy is advocated to prevent 


early recurrence. Liver transplantation may be required for patients with HCV infection. 
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Introduction 


Despite recent advances in diagnostic methods for 
hepatocellular carcinoma (HCC), the prognosis is generally 
poor. Hepatic resection remains the mainstay of treatment 
of this tumour and provides the only consistent long-term 
survival. Although many investigators have reported the 
prognostic factors for survival or the risk factors for tumour 
recurrence after resection of HCC, almost all series have 
included patients with and without cirrhosis, or only 
patients with cirrhosis. Surgical results for HCC are 
uniformly poor in the presence of cirrhosis, irrespective of 
aetiology. 

The incidence of HCC has been increasing not only in 
Japan but worldwide’. In particular, hepatitis C virus 
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(HCV)-associated HCC is increasing year by year in Japan. 
In contrast to hepatitis B virus (HBV) infection, HCV 
infection often progresses to a chronic carrier state and 
finally cirrhosis of the liver. It has been thought that HCC 
develops in HCV-positive patients only when the liver has 
become cirrhotic’. Since the first reports by Herr et al.* 
and Theise et al.” in 1993, several groups have reported that 
HCC can develop in non-cirrhotic livers of HCV-positive 
patients"? 

Hepatic resection can be performed in the absence of 
underlying cirrhosis. However, intrahepatic recurrence 
after curative resection of HCC is still unacceptably high 
even in patients without cirrhosis. To improve the surgical 
outcome in such patients, it is of crucial importance to 
clarify the prognostic factors for survival and the risk factors 
for intrahepatic tumour recurrence. The aim of this study 
was to evaluate these problems in 100 consecutive patients 
treated in the past 13 years. 
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Patients and methods 


Between April 1986 and June 1999, 349 patients with 
primary HCC were admitted. Of these, 254 patients 
underwent potentially curative hepatic resection. The 
definition of curative resection was described previously’ 
The resectability rate was 79 per cent for patients without 
cirrhosis and 69 per cent for those with cirrhosis. One 
hundred of these patients had no underlying cirrhosis of the 
liver and are the subject of this study. There were 87 men 
and 13 women of mean age 61 (range 36-78) years. Alcohol 
abuse was noted in 59 patients and a history of blood 
transfusion was confirmed in 30 patients. Thirty-three 
patients were positive for hepatitis B surface (HBs) antigen 
while 42 (51 per cent) of 83 patients were positive for HCV 
antibody. Intra-arterial injection of oil contrast lipiodol 
with or without chemotherapeutic agents had been 
performed in 38 patients before referral, although all had 
resectabie HCCs at the time of angiography. 


2 


Preoperative investigations 


Detailed liver function tests including indocyanine green 
(ICG) and bromosulfophthalein tests were performed 
routinely (Table 1). Radioimmunoassay or enzyme 
immunoassay methods were used for detection of HBs 
antigen (IMxHBsAg-Dainapack; Dianabot, Osaka, Japan), 
anti-hepatitis B surface (anti-HBs), anti-hepatitis B core 
(anti-HBc), ant-hepatitis B envelope (anti-HBe) (Abbott 
Laboratories, Chicago, Ilinois, USA). HCV antibody was 
measured by enzyme immunoassay methods (Ortho® 
HCV-Ab ELISA test; Ortho-Clinical Diagnostic, Rantan, 
New Jersey, USA). Serum o-fetoprotein (AFP) was 
estimated by a radioimmunoassay method. All patients 
had a 75-g oral glucose tolerance test to measure blood 
sugar and serum insulin concentrations. The diagnosis of 
diabetes mellitus was made on the basis of a fasting venous 
glucose level higher than 7-8 mmol/l or blood glucose 
concentration in excess of 11-1 mmol/l 2 h after ingestion of 
75g glucose. Ultrasonography, computed tomography 
(CT) and angiography were performed in all cases. Upper 
gastrointestinal barium studies and, when necessary, 
fibreoptic examination were performed routinely. 


Hepatic resection 


Extended right lobectomy was performed in 11 patients, 
right lobectomy in 27, extended left lobectomy in two, left 
lobectomy in seven, left lateral segmentectomy in six and 
other two-segment resection’? in five patients. The 
remaining 42 patients underwent resection of one 
Couinaud’s segment or less. For later analysis, the former 
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Table1 Preoperative laboratory data in 100 patients with 
hepatocellular carcinoma without cirrhosis 






: Normal n 





Panone y } HCC ue 





range : 
Albumin (g/d) H 390:5) eosa : 
Total bilirubin (mg/dl) 0215 0 -8(1:7) (0: 2-17. 2) 


Aspartate aminotransferase (units!) 5-40 ae i 





Lactate dehydrogenase (units/!) E 190-450 

Alkaline phosphatase (units/l). 21-80 

Cholinesterase (units/l) : 210-840 

Prothrombin time (s) 11-0-1400 ai 80 

ICG RI15 (%) 10) 

BSP R30 (%) <b 

Ammonia (ug/di) ; ooo 1470 0o 
a-Fetoprotein (ng/ml) 200 7392962) (2-22490) 


Values are mean(s.d.) (range). HCC, hepatocellular carcinoma; ICG R15, 
indocyanine green retention rate at 15 min; BSP R30, bromsulpho- 
phthalein retention rate at 30min 


58 patients were assigned to the non-limited resection 
group and latter 42 patients to the limited hepatectomy 
group. The mean operation time was 148 (range 55- 
280) min. The mean blood loss during surgery was 913 
(range 80-7000) ml. 


Histopathology 


Histopathological features of the tumour surrounding liver 
were examined macroscopically and microscopically. The 
maximal diameter of the tumour was taken as the tumour 
size. The tumour node metastasis stage was decided 
according to the criteria of the American Joint Committee 
on Cancer'*. Histological type and differentiation grade of 
the tumour were diagnosed by World Health Organization 
>. The presence or absence of a hepatic capsule or 
portal vein invasion and intrahepatic metastasis (daughter 
nodules) was determined both macroscopically and micro- 
scopically. A surgical margin of less than 5 mm was defined 
as a poariye margin. The criteria proposed by Anthony 
etal.'° were used for the diagnosis of liver cirrhosis. Patients 
fulfilling this criteria were not included in the current 
analysis. The grade of hepatitis activity was assessed by 
Knodell’s histology activity index'’. The grade of liver 
fibrosis was determined by the criteria of Desmet etal”. 
Detailed histopathological comparisons between hepatitis 
B and C cases were performed as described by Lefkowitch 
etal”. 


criteria? 


Postoperative follow-up 


5-fluoro- 
uracil, and later mitomycin C and cisplatin was carried 


Postoperative chemotherapy with epirubicin, 
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out on 54 patients in randomized studies. After discharge 
from hospital, the patients were followed up at 2-week 
intervals in the first 6 months and monthly thereafter. After 
5 years, the follow-up interval was increased to 3 months. 
Imaging with ultrasonography and CT was repeated every 
3months. When tumour recurrence was suspected, the 
patient was hospitalized for further evaluation by angio- 
graphy and, when necessary, magnetic resonance imaging. 
In equivocal cases, histological diagnosis was confirmed by 
echo-guided needle biopsy. Treatment methods for recur- 
rence were decided by the recurrence pattern, hepatic 
functional reserve and patient’s desire. 


Statistical analysis 


The endpoints were death and intrahepatic tumour 
recurrence. Non-parametric data were analysed by x’ test 
with Yates’ correction. All patients were included for overall 
analyses but three postoperative deaths were excluded from 
disease-tree survival analyses. Survival rates were obtained 
by the Kaplan-Meier method”? and differences were 
compared by the log rank and generalized Wilcoxon tests. 
Univariate analysis was carried out by the x° test. 
Multivariate analysis was performed by the Cox propor- 
tional hazards regression model using StatView 4.11” 
(Abacus Concepts, Berkeley, California, USA). Data were 
expressed as mean(s.d.) and as a hazard ratio with 95 per cent 
confidence intervals. All analyses were two tailed and 
P<0.05 was considered statistically significant. 


Results 


Preoperative associated conditions 


The most commonly associated condition was diabetes 
mellitus which was found in 37 patients. Among these 
patients, 15 were positive for HCV antibody and ten were 
positive for HBs antigen. Other associated conditions were 
peptic ulcer in six patients, cholelithiasis in five, oeso- 
phageal varices in two and ascites in one. 


Morbidity and mortality 


Twenty-four complications occurred in 22 patients; pleural 
effusion in seven, bile leakage in four, pneumonia in two, 
gastrointestinal bleeding in two, acute pancreatitis in two, 
wound infection in two, postoperative bleeding in one, 
intestinal obstruction in one, pyloric stenosis in one, portal 
vein thrombosis in one and brain stem haemorrhage in one. 
Three patients (3 per cent) died after operation, on day 5 
from brain stem haemorrhage, on day 23 from acute 
pancreatitis, and on day 24 from liver failure due to portal 
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vein thrombosis. These patients were excluded from 
disease-free survival analysis. 


Histopathological findings 


Macroscopic and microscopie histopathological data of 
HCCs and the surrounding liver are summarized in Table 2. 
Although the grade of fibrosis was no different between 
hepatitis B and C, necroinflammatory activity was sig- 
nificantly greater in hepatitis C (P < 0-001) (Table 3). 





Table2 Histopathological data of 100 cases of hepatocellular 
carcinoma in patients without cirrhosis. 





TNM, tumour node metastasis 


Table3 Histological comparison of liver parenchyma berween 
chronic hepatitis B and C 






- Liver fibrosis score 
0 


o 





HAI, hepatitis activity index". *y? test 
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Table4 Clinical prognostic factors for disease-free and overall survival by univariate analysis 





*Three postoperative deaths excluded. HBs, hepatitis B surface; HCV, hepatitis C virus; TAE, transcatheter arterial embolization; AST, aspartate 
aminotransferase; BSP R30, bromosulfophthalein retention rate at 30min, +Log rank test 


Intrahepatic tumour recurrence 


Intrahepatic tumour recurrence was found in 50 patients. 
The mean recurrence-free period was 2-4years (range 
1 month to 11 years). The recurrence was solitary in 15 and 
multiple in 35 patients. Eight patients also had extrahepatic 
recurrences. One patient had only pulmonary metastases. 
Thus, 51 patients had tumour recurrence during follow-up. 
Intrahepatic recurrence was treated by repeat hepatectomy 
in 20 patients, transcatheter arterial chemoembolization 
(TAE) in 16 patients, intra-arterial or systemic chemo- 
therapy in eight patients and percutaneous ethanol injection 
in six patients. 


Survival 


During follow-up (range 1 month to 11-6 years), 41 patients 
died, 31 from tumour recurrence, three from liver failure, 
two from complications after repeat hepatectomy, two from 
gastrointestinal bleeding, two from lung cancer and one 
from endocarditis. The overall 1-, 3-, 5- and 10-year 
survival rates were 97, 76, 50 and 47 per cent; the 
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Fig.1 Disease-free and overall survival rates after hepatic 
resection for hepatocellular carcinoma in patients without 
cirrhosis 


corresponding disease-free survival rates were 79, 38, 31 
and 22 per cent respectively (Fig. 1). 
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Table5 Histopathological prognostic factors for disease-free and overall survival by univariate analysis 





*Three postoperative deaths excluded. TNM, tumour node metastasis; HAI, hepatitis activity index. tLog rank test 


Table6 Independent prognostic factors for disease-free and 
overall survival by multivariate analysis 





Values in parentheses are “standard errors or +95 per cent confidence 
intervals. HCV, hepatitis C virus 


Prognostic factors 


In terms of tumour recurrence and overall survival, 14 
clinical and biochemical and nine pathological factors were 
evaluated by univariate analysis (ables 4 and 5). Factors 
that showed a significant difference by either the log rank or 
Wilcoxon test were further evaluated by multivariate 
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No. at risk Time after operation (years) 
No HCV infection 40 14 8 i 2 
HCV infection 4t 11 2 1 0 


Fig.2 Disease-free survival rates after hepatic resection in 
hepatitis C virus (HCV)-positive and HCV-negative patients 
P < 0-001 (log rank test) 


analysis (Table 6). Blood loss, surgical margin, intrahepatic 
metastasis, portal vein invasion and extent of hepatic 
resection were independently associated with overall 
survival. However, only HCV infection and portal vein 
invasion were independent risk factors for intrahepatic 
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tumour recurrence. Disease-free survival rates in HCV- 
positive and HCV-negative patients are shown in Fig. 2 
5-year survival 6 versus 47 per cent; P< 0-001, log rank test). 
} g 
Comparison between HBV-positive and HCV-positive 
F F } 
patients is shown in Fig. 3 (5-year survival 58 versus 6 per 
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Fig.3 Disease-free survival rates after hepatic resection in 
hepatitis B virus (HBV)-positive and hepatitis C virus (HCV)- 
positive patients. P< 0-001 (log rank test) 
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Fig.4 Disease-free survival rates after hepatic resection in 
patients with and without portal vein invasion. P= 0.035 (log rank 
test) 


cent; P< 0-001, log rank test). Five patients were duplicated 
in this analysis. Fig. 4 shows the effect of portal vein invasion 
on disease-free survival (5-year survival 23 versus 34 per 
cent; P=0-035, log rank test). Patient sex, postoperative 
chemotherapy, presence of diabetes mellitus, ICG clear- 
ance, AFP level, operative time, presence of tumour capsule 
and liver fibrosis score were not significant predictors of 
disease-free survival or overall survival rates. 


Discussion 


The association between cirrhosis and HCC has been 
confirmed repeatedly and cirrhosis itself has been con- 
sidered a precancerous lesion irrespective of its aetiology”. 
Nevertheless, HCC can develop in non-cirrhotic livers with 
an incidence of 10-40 per cent”?. To date, there have been 
several important reports on clinicopathological differences 
between HCC with and without cirrhosis*’”*, HCV 
infection has become the major aetiology of HCC in not 
only Japan” but also in Mediterranean countries”. 
Furthermore, the incidence of HCV-associated HCC is 
increasing year by year in Japan. It is likely that approxim- 
ately 30 per cent of HCV-associated HCCs develop before 
cirrhosis is established’. HCC develops more often in non- 
cirrhotic livers with chronic hepatitis B. Recent detailed 
follow-up of patients with chronic hepatitis B and C has 
brought about earlier diagnosis of HCC in livers without 
cirrhosis’ ''. However, over the past decade the surgical 
outcome of resection of patients with HCC but no cirrhosis 
has not improved despite improved perioperative manage- 
ment and extensive adjuvant therapy. 

Despite numerous reports of the prognostic factors after 
resection of HCC, only a few studies have evaluated the risk 
factors for intrahepatic tumour recurrence and prognostic 
factors for survival in patients without cirrhosis? S, 
Reviewing the reported series of HCC without cirrhosis 
(Table 7), the incidence of non-cirrhotic HCC ranged from 
30 to 51 per cent, the resectability rate ranged from 44 to 87 
per cent, and the operative morbidity and operative 
mortality rates were 19-43 and 3-7 per cent respectively. 


Table7 Results of hepatic resection for hepatocellular carcinoma without cirrhosis 





-30 (48) 
68 (86) 
54 (44) 






- Overall survival rat 





Morbidity Death* 1 






43 (19) 
23 (43) 
22 (22) 8 


Values in parentheses are *percentages or tdisease-free rates. HCC, hepatocellular carcinoma 
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The 5-year survival rate ranged from 25 to 50 per cent. 
Analysis of prognostic factors was performed by Bismuth 
etal.” who showed in a multivariate analysis that only age, 
sex and histopathological data predicted overall and 
disease-free survival. Tumour size and capsular invasion 
were prognostic factors for survival but only tumour size 
was a significant factor for tumour recurrence. 

In the current study, univariate analysis revealed that 
many clinical and pathological factors were associated with 
overall and disease-free survival rates. In multivariate 
analysis, however, the independent prognostic factors for 
survival were portal vein invasion, intrahepatic metastasis 
(daughter nodules), surgical resection margin, extent of 
hepatic resection and blood loss. Significant independent 
tisk factors for intrahepatic tumour recurrence were HCV 
infection and portal vein invasion. The discrepancy in 
prognostic factors for overall and disease-free survival may 

‘indicate that intrahepatic recurrence does not necessarily 
influence survival possibly because recurrence in patients 
without cirrhosis can be treated effectively by repeat 
hepatectomy, TAE or percutaneous ethanol injection. 

Intrahepatic tumour recurrence can be attributed to 
progression of micrometastasis or metachronous carcino- 
-genesis in the remnant liver. Although several methods are 
‘advocated for differentiating between the two, including X 
-chromosome inactivation, detection of somatic mutations 
or HBV integration analysis, such studies were not 
performed in the current investigation. It may be assumed 
that intrahepatic recurrence from the first cause occurs 
earlier than that due to the second cause. Disease-free 
survival rates between HCC with and without portal vein 
invasion were significantly different during the first 2 years 
after operation (Fig. 4). As intrahepatic metastases are 
strongly associated with portal vein invasion, the rapid 
recurrence in the group with portal vein invasion could be 
attributed to the undetected micrometastases. On the other 
hand, the difference in disease-free survival between HCV- 
positive and HCV-negative patients was not observed 
during the first 1-S years but became clear thereafter 
(Fig. 2), suggesting that the recurrence in HCV-positive 
patients is due to metachronous carcinogenesis. 

In view of the high recurrence rate in HCV-positive 
patients, one may consider the place of liver transplantation 
for such patients. In fact, excellent 5-year survival rates have 
been reported for patients with HCC and HCV-associated 
cirrhosis?*?°, The disease-free 5-year survival rate in this 
study was only 6 per cent but the overall 5-year survival rate 
was 39 per cent in HCV-positive patients. This can be 
explained by the fact that recurrent HCC in patients 
without cirrhosis can be treated more aggressively by re- 
resection, repeat TAE or ethanol injection than in cirrhotic 
patients. Nevertheless, liver transplantation may be indic- 
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ated for selected patients with HCC and chronic hepatitis 
C, particularly for those with unfavourable tumour factors. 
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Sympathetic autoregulation in peripheral vascular disease 


K. T. Delis, A. F. Lennox, A. N. Nicolaides and J. H. Wolfe 
Irvine Laboratory, Regional Vascular Unit, 10th Floor QEQM Wing, St Mary’s Hospital, Praed Street, London W2 INY, UK 


Correspondence to: Mr K T. Delis (e-mail. k.delis@ic.ac.uk) 


Background: Lower limb venous pressure increases on dependency, stimulating a local sympathetic 
axon reflex which triggers precapillary and arteriolar vasoconstriction. The resulting decrease in arterial 
calf inflow, known as the venoarteriolar response (VAR), is impaired in critical leg ischaemia. The aim of 
the study was to evaluate the VAR in symptomatic non-critical leg ischaemia and after restoration of leg 
perfusion following successful revascularization. 

Methods: The study included 30 normal subjects, 30 patients with stable intermittent claudication and 
30 patients with severe ischaemia who had undergone successful infrainguinal revascularization. In all 
patients the foot skin blood flow (flux) in the horizontal (HBF) and sitting (SBF) positions was measured 
using laser Doppler fluxmetry. The VAR was calculated as (HBF-SBF)/HBF x 100 per cent. The 
pressure that elicited the reflex (pVAR) was evaluated in the horizontal position. 

Results: The median VAR was significantly lower in patients with stable claudication than in normal 
subjects or patients following successful revascularization (29-1 versus 59-5 and 63-9 per cent 
respectively; P<0-0001). Similar results were obtained for the pVAR (22 versus 45 and 40mmHg 
respectively; P< 0-001). There was no difference, however, in either the VAR or pVAR between normal 
individuals and patients following a successful bypass. 

Conclusion: Patients with claudication had a significant impairment of orthostatic wane ee 
autoregulation. After successful revascularization, and in spite of the extensive disease in the receiving 
circulation, this autoregulation returned to normal. 
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Introduction 


The autonomic nervous system is an important regulator of 
leg blood flow, mediated through the sympathetic axon 
reflex acting on cutaneous, subcutaneous and muscular 
arterioles'*. A postural change from lying to sitting or 
standing elicits a precapillary arteriolar vasoconstriction 
known as the venoarteriolar response (VAR), which is 
thought to play a protective role in capillary homoeo- 
stasis” ’”, The VAR prevents a rise in capillary pressure that 
would result in increased capillary filtration, and the 
development of oedema®"1-13, 

Impairment of the VAR has been demonstrated in 
chronic venous insufficiency®, diabetic autonomic neuro- 
pathy’, nifedipine administration’, the premenstrual syn- 
drome! and with ageing’. In severe incapacitating 
claudication and critical or subcritical leg ischaemia due 
to peripheral vascular disease (PVD), isotope washout 
techniques have demonstrated a marked reduction or 
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abolition of the orthostatic response?4°10141315, 


However, contradictory data have been published regard- 
ing peripheral sympathetic function in patients with 
intermittent claudication. Henriksen and Paaske’”* and 
Morgan etal. have reported minimal changes of the VAR 
in patients with claudication, whereas Belcaro etal.'' and 
Cisek etal.'? have indicated complete attenuation of the 
response in these patients. Using radioisotope washout 
techniques, Rordam etal’, Eickhoff'® and Jelnes!* have 
demonstrated that penpheral vasoregulatory mechanisms 
in patients with both rest pain and severe claudication can be 
restored to normal levels following arterial reconstruction. 

Laser Doppler fluxmetry provides a non-invasive evalua- 
tion of skin blood flow in both arterial and venous 
disorders®!!-1>1718. Tt gives a prompt evaluation of the 
VAR, without the potential risks of an invasive procedure or 
isotope exposure. In this study skin blood flow, its change 
with postural alteration and the venous pressure that is 
required to elicit this change were measured in normal 
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individuals, patients with stable intermittent claudication 
and patients with severe incapacitating claudication or 
critical ischaemia who had had successful revascularization. 
The aim was to examine the status of peripheral sympathetic 
autoregulation and its sensitivity in advanced atherosclero- 
sis, and after flow reconstruction for critical or subcritical 
ischaemia. If peripheral sympathetic autoregulation is 
impaired in symptomatic non-critical PVD, its reversal 
following successful revascularization should indicate that 
its function is a marker sensitive to arterial flow reduction, 
independent of the of the atherosclerosis. 
Reperfusion increases tissue flow, decreases tissue ischae- 
mia, but does not alter the severity of atherosclerosis in the 
vascular bed beyond the distal anastomosis. Impairment of 
the VAR in legs of patients with claudication may represent 
a resetting of the variable component of peripheral 
resistance to flow, aiming at optimizing arterial compensa- 
tion. 


severity 


Materials and methods 


This was a cohort study conducted in a tertiary referral 
university hospital, consisting of three groups: 30 normal 
control subjects, 30 patients with stable intermittent 
claudication due to infrainguinal PVD caused by superficial 
femoral artery occlusion, and 30 patients with infrainguinal 
PVD who had undergone successful femoropopliteal or 
femorodistal bypass grafting. 

The inclusion and exclusion criteria are listed in Table 1 
and the demographics in Takle 2. Normal subjects were 
recruited to match patients for age and sex. The prevalence 
of risk factors in the patients with PVD was not significantly 
different between surgical patients and patients with 
claudication. All subjects were asked to abstain from 
caffeine-containing drinks and smoking for over 12 h before 


Table2 Demographic details 





Control 
(n=30) 
70 (66-75) 
21:9 
8 
: ‘Hypertension: 6 
“Diabetes. 1 
‘High cholesterol. 3 
Ankle: brachial pressure | index’ 
Resting - 1-06 (1-03-1-10) 


“After exercise 1-08 (4:02—1-12) 


Table 1 Patient inclusion and exclusion criteria 


Inclusion criteria j : 
No clinical symptoms or signs of PVD: (control group) a 
Resting and postexercise ABP! exceeding 0: 9. E 

(control -and revascularization groups) et : 
Initial claudication distance 100-300 m on treadmil testing 
(claudication group) 

Exclusion criteria 
Evidence of sensory néuropathy 
Use of vasoactive medications 
Chronic venous insufficiency 
Previous lumbar sympathectomy ; 
Inability to complete the exercise protocol 
Significant graft stenosis with diameter teduction Papoea 

50% (after revascularization) ; : 








PWD, peripheral vascular disease; ABP1, ankle: brachial pressure index 


the investigation. Risk factors in each group and ankle: 
brachial pressure indices (ABPIs) are recorded in Table 2 
and details of the revascularization procedures in Table 3 
The groups underwent the following examination pro- 
tocol. (1) A full history was taken and physical examination 
carried out. (2) Venous colour flow duplex imaging was used 
to derert chronic venous insufficiency as described pre- 
viously'”. (3) Angiography or lower limb arterial duplex 
imaging was performed within 2 months in patients with 
claudication. (4) Duplex imaging was used to evaluate graft 
patency in the revascularization group (HP Sonos 2500" 
(Hewlett Packard, Palo Alto, CA, USA) 7-5/5.5-MHz 
probe). The presence of a stenosis was determined using 
real-time B-mode imaging, combined with gated Doppler 
ultrasonography. Peak systolic velocity was evaluated along 
the graft and the anastomoses, and patients with a ratio of 
stenotic to prestenotic velocity exceeding 2-0 were ex- 
cluded*®. (5) A standard lower limb arterial treadmill 
exercise test (speed 4km/h, gradient 10 per cent) was 


Revascularization 


Claudication — 
(n=30) 


70 (60-75) 
19:141 


21 (6) 
15 

6 

8 





0-97 (0-94-1-04) 
0-94 (0-91~1-02) - 


0:60 (0-46-0-76) 
0-47 (0-32--0-65) 


*Values are median (range); tvalues in parentheses are numbers of active smokers at the time of investigation; includes patients on medication with 


normalized measurements at the time of study 
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Table3 Clinical details in 30 patients who had femorodistal by- 
pass 






ae 617a 





a [065 (0-45-0.80) 
0-32 


“Values are median (range); *Values in square parentheses are ankle 


brachial pressure indices, median (range) 


performed and pre-exercise and postexercise (after 1 min) 
ABPIs were calculated. (6) Laser Doppler fluxmetry was 
performed to determine skin blood flux in the horizontal 
and sitting positions (Laserflo BPM 403; Vasamedics, St 
Paul, MN, USA). The probe was secured on the dorsum of 
the foot using ring shaped double-sided adhesive tape. 
Measurements of skin blood flux were made after a 20-min 
rest and acclimatization in a temperature-controlled room 
(21-23°C). The recorder chart speed was set at 20 mm/min 
with an averaging time of 5s and a sensitivity setting 
modified to allow maximal chart deflection to be recorded 
on the standard graph paper (X 20, x 100, x 400). The 
resting blood flux in the horizontal position (HBF) was 
averaged over 7 min; measurements were expressed in 
arbitrary flux units. The subjects were then placed in the 
upright sitting position with the feet in a stable dependent 


position. The sitting blood flux (SBF) was calculated « 
7min, with the initial 
stabilization of the skin flux. The VAR was calculated as 
(HBF -SBF)/HBF x 100 per cent. (7) With abe 
maintained at the same site, examined subjects resumed te 
horizontal position and skin blood flux returned to the HBF 
level. A blood pressure cuff was applied over the distal calf 
and inflated to 60-70mmHg while flux was being 
monitored. At this level of applied pressure the HBF 
decreased and was maintained at a level equalling the SBF, 
simulating the changes documented with postural altera- 
tion. The cuff was then deflated at decrements of 5 mmHg 
until flux began to increase steeply towards the HBF level. 
The lowest level of applied pressure that maintained the 
SBF was defined as the pressure that elicits the VAR 
(pVAR). The spatial and temporal variability of the VAR, 
pVAR, HBF and SBF in five normal subjects and five 
patients with claudication is shown in Table 
Results are expressed as median (interquartile range) 
statistical evaluation of the data, non-parametric analy: 
(Mann-Whitney U test) was performed with 95 per cent 
confidence intervals (c.i.) of 
Bonferroni correction was applied. Statistical significance 





2min discarded te 


the prob 








4. 








the point estimate. The 


was assumed if P< 0-025. 


Results 





There was no difference in the HBF hetween the 
groups. However, when placed 
position, skin flux was significantly higher among į 
with claudication than in either the healthy individu 
those who had undergone revascularization (P< 0.001) 






in the upright s 





Table4 Variability of skin blood flux, venoarteriolar response and pressure that elicits it expressed as coefficient of variation in per- 
centage range’! 


Temp iene 
6 measurements 
8-17 
7-14 


eT 





CV, coefficient of variation, HBF, skin blood flux in the horizontal position; SBF, skin blood flux in the sitting position; VAR. vennarte: 
F gf 


pVAR, venous pressure that elicits the VAR 
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14-28 
6-10 
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(Fig. 1). In all groups and individual subjects skin blood flux 
was lower in the sitting than the horizontal position, so only 
positive VARs were recorded. 

The percentage decrease in skin blood flux on sitting 
(VAR) was significantly higher in normal subjects 


Horizontal 
Sitting 








Skin blood flux (arbitrary units) 









en A 








Patients after 
revascularization 


Patients with 
claudication 


Normal subjects 


Fig.1 Median (interquartile range) skin blood flux in horizontal 
and sitting positions in normal subjects, patients with stable 
intermittent claudication and patients after successful bypass 
grafting for severe peripheral vascular disease. There was no 
significant difference in flux in the horizontal position between 
the three groups. In the sitting position, skin flux in claudicants 
was higher than that in either normal or surgical patients 

(P< 0-001; Mann-Whitney U test) 


go 





Ho © 


GE 





Venoarteriolar response (%) 


COOCOO 























0 a ny Silas prone mal sea Š 
Normal subjects Patients after 


revascularization 


Patients with 
claudication 


Fig.2 The percentage decrease in skin blood flux on sitting 
(venoarteriolar response; VAR) in normal subjects, patients with 
stable intermittent claudication and patients after successful 
infrainguinal bypass grafting for severe peripheral vascular 
disease. Data are presented as combined scattergrams and error 
bars (median and interquartile range). The VAR was significantly 
lower in claudicants than in either normal controls or grafted 
subjects (P< 0-0001; Mann-Whitney U test). There was no 
significant difference between normal and surgical patients 


(P= 0-09) 
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(P<0-0001; 95 per cent c.i. 22-36 per cent) and patients 
after revascularization (P < 0-0001; 95 per centc.i, 28-41 per 
cent) than in patients with claudication. There was no 
significant difference between the first two groups (P = 0-09, 
95 per cent c.i. -12 to 1 per cent) (Fig. 2). 

The pressure that released the VAR (pVAR) was 
significantly lower in patients with claudication than in 
either normal subjects (P<0-001; 95 per cent c.i. 18- 
28 mmHg) or patients after revascularization (P< 0-001; 95 
per cent c.i. 9-19 mmHg). The pVAR was greater in normal 
subjects than after revascularization (P=0-04), but the 
difference failed the corrected (Bonferroni) significance 
threshold (Fig. 3). 


Discussion 


The sympathetic autoregulatory response to alteration of 
posture is abolished in patients with critical leg ischae- 
mia™t5 011i but reported data on autonomic function 
in less severe PVD have been contradictory? 111216, The 
present results demonstrate that the postural response is 
present but attenuated in patients with stable claudication, 
and that successful revascularization results in resumption 
of a normal autonomic response. Improvement in this 
response has been reported previously after successful 
vascular reconstruction, but the magnitude of improvement 
remains partially determined? 01157, 
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Patients with 
claudication 


Normal subjects Patients after 


revascularization 


Fig.3 Pressure that elicits the venoarteriolar response (p VAR) in 
normal subjects, patients with stable intermittent claudication 
and patients after successful bypass grafting for severe peripheral 
vascular disease. Data are presented as combined scattergrams 
and error bars (median and interquartile range). The pVAR was 
higher in either normal or grafted subjects than in claudicants 
(P< 0-001; Mann-Whitney U test). The pVAR in normal 
subjects was higher than that in patients who underwent surgery 
(P = 0-04), but the difference failed the corrected (Bonferroni) 
significance threshold 
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The postural autoregulatory response, i.e. the decrease in 
calf arterial inflow on dependency, is a physiological 
phenomenon of homoeostatic value to the tissues, exerting 
a protective role in maintaining a stable microcirculatory 
environment when pressure increases in the venous system. 
Described first by Gaskell and Burton”? and later by 
Henriksen and Paaske’”**, this response, termed the VAR, 
is brought about by a local sympathetic axon reflex on the 
arterioles in response to passive venous distension’. This 
results in an increase in peripheral resistance and a decrease 
in blood flowt !>!$2324. This vasoconstrictive response 
preserves systemic blood pressure in different postures, and 
prevents capillary pressure increase, interstitial fluid leakage 
and oedema formation !714%891!-13,1624, 

Laser Doppler fluxmetry is an established method in the 
investigation of microcirculatory flow in health and 
disease*!!-'3+7»18. Tt enables non-invasive measurement of 
cutaneous blood flow and its changes arising from alteration 
of posture. Red cell flux is proportional to the concentration 
and velocity of red cells flowing in the capillaries’®’”'®. 
‘These variables are influenced significantly by the density of 
the capillaries, known to vary in the skin up to sixfold per 
mm”, affecting the spatial and temporal variability of flux 
measurement)? *'”°, By obtaining flux from the same 
position on the foot during a single examination setting 
and expressing the result as a ratio of flux values, the VAR 
can be estimated reproducibly”! as differences in the 
temporal and spatial domains are nullified. 

This study demonstrates that patients with stable 
intermittent claudication, with only a mild to moderate 
reduction in walking ability due to femoropopliteal PVD, 
have a significant increase in the arterial perfusion of 
cutaneous capillaries on dependency compared with normal 
subjects. This, in the absence of flux differences on 
recumbency, indicates that autoregulation is impaired at a 
relatively early stage in PVD, due either to sympathetic 
nerve damage or to physiological resetting of arterioles to 
optimize perfusion in the ischaemic leg. 

Cutaneous capillary perfusion in patients who had had a 
successful infrainguinal reconstruction was the same as the 
level documented in healthy subjects, indicating that the 


autonomic regulation is not permanently impaired in PVD, . 


even after a period of critical ischaemia. A recently 
performed study at this institution demonstrated that 
sympathetic function returns to normal following revascu- 
larization in less than 6 days*®. This confirms previously 
published data by Rordam et 4). who reported return of the 
vasoconstrictor response by the third day after aortoiliac 
reconstruction for severe claudication. Assuming that nerve 
tissue repair requires several months, such early resumption 
of autonomic function after revascularization suggests that 
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the mechanism is a physiological resetting rather than nerve 
regeneration. 

The external pressure (pVAR) that triggers the sympa- 
thetic response to postural alteration (VAR), is another way 
of grading autonomic function. It was similar between 
normal subjects and patients following revascularization, 
confirming the resumption of sympathetic activity after 
restoration of arterial flow in severe PVD’. The signifi- 
cantly lower pVAR in patients with claudication suggests 
that, despite the presence of relative capillary vasodilata- 
tion, the sympathetic response triggers at a much lower 
threshold. This may reflect a compromise between limited 
perfusion reserves in the tissue on one hand and the 
presence of a functional and undamaged autonomic system 
on the other. The latter responds early to protect capillary 
homoeostasis from the transmitted pressure of unimpeded 
arterial inflow, secondary to arteriolar vasodilatation. 

Resumption of autonomic sympathetic function after 
restoration of flow in patients with critical ischaemia 
indicates that the local sympathetic response is sensitive to 
flow derangement and thus local tissue ischaemia, rather 
than the degree of atherosclerosis present. Even after a 
successful infrainguinal bypass the degree of atherosclerosis 
in the distal circulation is unchanged. It could be suggested 
that patients who had revascularization with normalization 
of the resting ABPI and only minimal decline following 
exercise may not have had distal disease, explaining the 
optimization of autonomic function following surgery. 
However, atherosclerosis is a generalized disease, affecting 
virtually every vascular bed. In diabetics, peripheral 
neuropathy may be present in conjunction with autoregu- 
latory dysfunction even with normal peripheral pulses”®. In 
these patients, peripheral neuropathy is thought to be 
predominantly the product of anatomic and physiologic 
abnormalities in the microvasculature, associated with 
thickened capillary basement membranes and increased 
protein glycation, impairing the flux of nutrients and 
increasing the migration of leucocytes”®. In this study, 
none of the diabetics with claudication, or after revascular- 
ization had clinical evidence of peripheral neuropathy; there 
was no difference in ‘their sympathetic autoregulation 
compared with non-diabetic counterparts. Metabolic fac- 
tors may hold a key role in autoregulation but results from 
this study clarify that sympathetic function resumes once 
flow is restored. 

Although investigations were performed under resting 
conditions, it may be postulated that this impairment 
provides a compensatory mechanism to improve perfusion 
pressure both on resting and during exertion. Ischaemic rest 
pain is relieved by dependency of the leg, and abolition of 
the vasoconstrictor response allows an increase in perfusion 
pressure, thus reducing local ischaemia?*5 10111315, 
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Followmg surgery, postreconstruction hyperaemia and 
lower limb oedema are marked*!*:*?, possibly secondary 
to prolonged vasoparalysis and delayed return in sympa- 
thetic arteriolar function, in combination with the lympha- 
tic damage caused by the surgery??? 

In conclusion, patients with claudication have a signifi- 
cant impairment of the orthostatic response. After 
successful revascularization this response returns to normal. 
Reperfusion increases tissue flow and decreases ischaemia, 
but does not alter the severity of atherosclerosis in the distal 
vascular bed. Thus impairment of the orthostatic sympa- 
thetic response results from both localized flow reduction 
and chronic tissue ischaemia, and not the severity of 
underlying atherosclerosis. The VAR could be an alter- 
native non-invasive means of quantifying the severity of 
PVD in patients with claudication. 
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. Background: Rates of lower extremity amputation vary significantly both between and within 
countries. The variation does not appear to support differences in need as an explanation. This study set 
out to see if variations in clinical decision making might contribute to the explanation. 

Methods: Based on an extensive audit database of lower extremity amputations and revascularization 
operations, a decision model was produced. Drawing on items in this model allowed the selection of six 
clinical cases that differed in their probability of having amputation as the outcome. Two cases had 80 
per cent or more, two cases had 45-55 per cent and two cases had 20 per cent or less probability of 
amputation. Each of ten consultant vascular surgeons looked at these cases without knowledge of their 
, probability of outcome and decided on amputation or revascularization. 

Results: Overall the chance-adjusted level of agreement (kappa coefficient) between the decisions 
made by ten surgeons on the six clinical cases and the actual outcome was 0-46, indicating a moderate 
level of agreement. The kappa coefficient for individual surgeons showed complete agreement (k= 1) for 
four, substantial agreement (xK = 0-66) for four, fair agreement (x = 0-32) for one and no agreement other 
than at a chance level (x = 0) for one surgeon. 

. Conclusion: Variations in the clinical decisions made by vascular surgeons given the same patient are 
likely to explain at least a part of the observed geographical variation in rates of lower extremity 


amputation. Consensus guidelines may enable more consistent decision making for this problem. 


Paper accepted 3 December 2000 


Introduction 


There is now a large volume of research-based evidence that 
geographical variations in medical and surgical therapies 
and procedures arise for reasons that are not primarily 
explicable in terms of the practice of evidence-based 
medicine’. The factors that determine whether a parti- 
cular decision is likely in clinical practice have been studied 
and seem to be classifiable in terms of factors specific to 
individual patients, to individual clinicians and to the 
context of the decision itself” ?. Among the first category are 
included the symptoms and signs that patients complain of 
or are found on examination’. Clinicians themselves tend to 
engage in different forms of decision-making processes 
dependent on the level of past experience and, thus, current 
level of expertise’°. Contextual factors relate to the social, 
economic and organizational environment that the clinician 
and patient meet in and which thereby characterizes the 
consultation", 
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Advocates of more open clinical decision making cite 
studies which show that it is both possible and desirable to 
share the clinical decision-making process with the 
patient’. Such a change in clinical practice is claimed as 
ethical!?, clinically useful'* and desirable from a medico- 
legal viewpoint!>. Moreover, if there was a shared evidence 
base, shared decision making would be useful in institution- 
alizing evidence-based practice which might, in its effects, 
tend to eliminate all geographical and other varieties of 
variation in treatment not based on good reasons’®. 

In a recent study of the rate of lower extremity 
amputations it was shown that between different centres 
in different countries there was significant variation”. 
Three centres in Northern England, here designated A, B 
and C, showed differences in all (first or repeat) amputation 
rates with age-standardized rates of 19-9, 27-8 and 20-2 per 
100000 for men, and 10-2, 8-4 and 8-8 per 100000 for 
women respectively’”. Indeed, over 1 year, 1997-1998, the 
all-person (95 per cent confidence interval (c.i.)) age- 
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standardized rates for people with diabetes mellitus were 
403 (300-506), 548 (355-740) and 865 (625-1105) respec- 
tively'®. The authors of the Global Extremity Amputation 
Study (GLEAS) commented that in all centres diabetes 
mellitus was a major disease risk factor; variation in the 
prevalence of peripheral vascular disease was also a possible 
underlying reason for observed variations, especially where 
populations differed in demographic risk factors such as the 
prevalence of certain ethnic minorities”. 

This study 1s a follow-up investigation in the three centres 
in Northern England (A, B and C) which took part in the 
earlier study. The purpose of the current study was to 
explore possible reasons for the observed variation in lower 
extremity amputation rates between the three centres 
focusing, in particular, on the relevant processes of clinical 
decision making in each centre. 


Materials and methods 


The possible reasons for observing significantly different 
rates of lower extremity amputation are shown in a flow 
chart (Fig. 1). The methods used in this study were chosen to 
examine several possibilities (prevalence of diabetes melli- 


Prevalence of Diabstes 
Mellitus 


Accessibility, use and quality of 
diagnostic services and secondary 
prevention of complications of 
Diabetes Mellitus 





Prevalence of critical lower 
extremity ischaemia or other 
Indication for amputation or 
revasculansation 


Accessibility of vascular 
surgery expertise for a given 
level of vascular problem due 
to Diabetes Mellitus 


Clinical decision making for 
a given level of vascular 
patient problem in patents 
who have or do not have 
Diabetes Mellitus 








Fig. 1 Flow chart showing possible stages in the development of 
clinical indications for lower extremity amputation and the levels 
at which research should seek a possible explanation for the 
observed geographical variation in rates 
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tus; accessibility, use and quality of diagnostic and 
secondary prevention facilities; accessibility of vascular 
surgical expertise; and clinical decision making), with a 
focus on the latter explanation. 


Prevalence of diabetes mellitus 


Diabetes mellitus accounts for approximately 40 per cent of 
all underlying causes of critical lower extremity ischaemia, 
one major clinical reason for amputation'’. Moreover, it is 
unlikely that other indications such as peripheral vascular 
disease or trauma vary sufficiently within one relatively 
small geographical area to explain observed variations!”. 
Consequently, differing prevalences of diabetes mellitus in 
each of the centres A, B and C 1s a possible reason for 
differing amputation rates. The GLEAS study considered 
the demographic associations in each centre A, B and C for 
diabetes mellitus and concluded that the observed variation 
in rates could not be explained by differences in prevalence 
of diabetes mellitus”. 


Accessibility, use and quality of diagnostic and 
secondary prevention facilities 


Given that variation in other indications for amputation, 
particularly peripheral vascular disease, is unlikely in these 
three centres, because of the close similarities in the relevant 
demographic risk factors, particularly prevalence of ethnic 
minorities’®, it is again necessary to focus on diabetes 
mellitus. An audit of available services was carried out by 
one of the authors (S.C.) who conducted face-to-face 
interviews with key professional staff in each of the centres. 
The audit involved extensive interviews with at least five 
professionals in each of the three centres. Questions were 
asked in a semistructured interview, interviews were taped 
and a thematic analysis for relevant contents was carried out 
(S.C.) and checked by another researcher (M.A.). Table 1 
summarizes information gathered for this audit. 


Accessibility of vascular surgery expertise 


In each centre 15 sets of notes on patients with diabetes 
mellitus were selected randomly from outpatient clinics 
conducted during the previous 3 years. In each case one 
author (S.C.) produced a summary of the history and 
presenting complaints as available in the patient’s clinical 
notes. Past history, including any microvascular or macro- 
vascular complications of diabetes mellitus, time since onset 
of the disease and the type of treatment received, was also 
gathered systematically and entered on to a predesigned 
protocol form. All references to the decision made by the 
vascular clinician and the source centre were excluded. The 
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protocol forms from the three centres were then given a 
random code and were presented randomly to another 
researcher (J.C.) who graded each patient as showing mild, 
moderate or severe complications of diabetes mellitus 
(Table 2). 


Clinical decision making 


In one of the centres (A) the vascular surgeons had kept 
records for the purpose of clinical audit on all patients 
who had undergone either a lower extremity amputation 
or revascularization in the centre during the past 5 years. 
Each item of information was collected because the 
surgeons considered it important in patient management. 
In addition to the audit database, operation lists and 
clinical notes were consulted to add any missing cases of 
revascularization that were conducted during the period 
covered by the database. The database was also validated 
through checks from a separate comprehensive register of 
lower extremity amputations that was assembled for the 
GLEAS study'’. This complete database was then used 
to model the dichotomous outcome amputate/do not 
amputate. Table 3 shows the odds ratios for each of the 


Table1 Information gathered for the audit of accessibility and 
facilities in each centre 





Table2 Ranking of severity of diabetes mellitus complications 
amongst referrals to vascular surgeons in three centres 





yo = 3-05, 4 d.f, P> 0-10. *One set of notes unclassifiable 
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factors found to be significant in a logistic regression 
model of this outcome. 

Using the logistic regression mode} it was possible to 
obtain a probability function that would vield the 
individual probability of amputation ‘or each patient on 
the database (Appendix). Three pairs of 
chosen at random with a probability of amputation of 80 
per cent or more, between 45 and 55 per cent, and 20 per 
cent or less. Each case chosen was then used as a clinical 


scenario which was produced to comprise a presenting 


hatients were then 





complaint, history of presenting complaint, past medical 
history and findings from a clinical examination by a 
vascular surgeon (including, where available, results of 
any bedside investigation requested by the clinician). In 
particular the scenarios presented a spectrum of clinical 
indicators from claudication to critical ischaemia. An 
extensive amount of additional information was available 
for each patient (Table#), this information was not 
presented routinely but each item was available if the 
clinician specifically requested it. The six clinical 
scenarios were sequenced randomly before be 
sented to each of ten vascular surgeons, all of whom had 
been employed in one or other of the three centres 
during the period relevant to the scenarios and were 
therefore eligible for this study. None of the eligible 
surgeons refused the request for interview. In each centre 
the surgeon was interviewed and asked to (1) make a 
decision regarding amputation of the lower extremity and 
(2) indicate on a ten-point scale how certain they felt 
about their decision (0, not at all certain, 10, complete 
certain). Each interview was tape recorded and the 
sequence of any additional requests by the sur : 
information on each scenario was noted. T 













iE pres 

















Each interview was conducted by one author (M.A.) with 
another (S.C.) acting as a source of anv 
information from items assembled for each case. This 
allowed smooth conduct of the session, which took 
between 25 and 40 min. 


further 


Statistical analysis 


Contingency tables were analysed by y methods”. 
Agreement between an individual surgeon's decision 
and the actual outcome for each case scenario was 
calculated using the kappa statistic”. Values of kappa of 
0-0-20 represent poor agreement, 0-21-0-40 fair a 
ment, 0-41-0-60 moderate agreement, 0-61-0.80 substan 
tial agreement and 0-81-1-00 almost perfect agreement 


i 500 asi 
compared with chance”’. 






probability level of the scenarios and each surgeon's 
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Table3 Logistic regression model of decision making in cases of possible lower extremity amputation or revascularization 


















-Predictor Coefficient. Standard deviation Ze Ep Odds ratio o 
Constant BG 0-61 258 0:010 ee 
Sex (M= 9) 0-66 087 “1805 TA -051 (0:25-1:06) 
‘Age : AOE 
(22-63years=0) i 
63-1-71-B years +1415 0:48 —2:37 0-018 
71-9-79.0 years 1:24 0-51 ~2:38 0-017 
79-1-95:0years” ~0-05 0-48 1-10 0-922: 
indication : 
:(Claudication ‘or other = 0) 
‘Critical ischaemia 1:92 0:59 3-23 0-001 
Diabetes ; 
; “(None =0) ee : Se eee 
IDOM 1:36 0:37 3-66 0-000 - -3-91 (1:88-8:11) 
“Hypertension ie pS 
| (None=0) : We $ ne E 
A : i 0-40 +084 0-898 0-71 (0:32-1:57) 
-Treated with more than one drug HVOF 0-81 23100 0021. 0-15 (0:03-0-76) 
Hyperipidaemia ; : ; : : ne 
Mild tareas or type I-V 0-88 0-60 =1-48 0-438 0-41 (013-193) 
“or strict diet of diet and args : peer ere ers a perenne 
Renal disease: 
{None =0) : EEEE H : ee ; ` 
Creatine level 132-264 mmoli o or SAJE BR S07 0-002 -5-82 (1-89-17-94) 
` 265-530 mmolA or > 530 mmol, De EERE A eee : ; 


or dialysis or transplant 


Values in parentheses are 95 per cent confidence intervals. Two hundred and ten cases used; 11 cases contained missing values. Concordant pairs 81-8 per 


cent, discordant pairs 16-6 per cent, ties 


Tabie4 Information available for each clinical scenario 


Presented in all interviews Available if requested 


Presenting complaint Full blood count 
History of presenting complaint Urea and electrolytes 
Past medical history Blood glucose (fasting). 
Current medication <- Ankle: brachial blood pressure 
Results of a clinical examination ` index 
“by a vascular surgeon $ Angiography Š 
Results of any bedside. Plan chest and: abdominal 
; investigation performed by 0 radiography 
vascular surgeon. ; ae Electrocardiography 


- Doppler ultrasonography scans 
Social worker report 
Occupational therepist report 


l i Photographs of foot (presented ir in: 
‘ihres scenarios) A AESA 


expressed degree of ‘certainty regarding amputation or 
revascularization was calculated using Pearson’s product- 
moment correlation™'. The degree of ‘certainty’ for 
revascularization was transformed into the degree of 
‘certainty’ regarding amputation by subtracting the stated 
value from 10 and multiplying by 10. ‘Certainty’ is 
caiculated as stated value multiplied by 10. 
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1-6 per cent. IDDM, insulin-dependent diabetes mellitus 


Results 


Results are presented separately for each possible explana- 
tion for the variation in rates (Fig. 1). 


Prevalence of diabetes mellitus 


The GLEAS study ruled out differing prevalence as a likely 
explanation for the differing amputation rates; the one 
exception was the Navajo area of the Indian Health Service, 
USA" In particular, for the three centres A, B and C census 
data show that age structures, social class structures and 
°’, These results 
tend to exclude any significant differences in the prevalence 
of diabetes mellitus. 


ethnic minority structures are very similar! 


Accessibility, use and quality of diagnostic and 
secondary prevention facilities 


Table 1 shows the information gathered for the audit. When 
the data were analysed there were no major differences in 
the available facilities or in the perceived accessibility of 
these services. While this audit on its own cannot be said to 


© 2001 Blackwell Science Led 


J. Connelly, M. Airey and S. Chell © Variation in clinica’ decision making 533 


Table5 Agreement between actual outcomes and individual surgeon’s decisions: crude agreements and agreements adjusted for 
chance 





x =0-0-0.20, poor agreement, K =0.21-0-40, fair agreement; K = 0-41-0.60, moderate agreement; K =0-61-0-80, substantial agreemen 





Pe 


almost perfect agreement. Overall x = 0-46 for all case scenarios and all surgeons 


be decisive it should be taken together with the results of the 
investigation regarding the accessibility of vascular surgical 
advice given a similar level of problem (see below). 


Accessibility of vascular surgical expertise 


On the basis of a blind classification of three randomly 
selected sets of outpatient cases there was no evidence for 
any difference in the proportions of patients who consult a 
clinician with what may be classified as severe, moderate or 
mild vascular complications of diabetes mellitus (Table 2). 
‘The proportions of each level of vascular complications of 
diabetes mellitus may be expected to vary as a result of the 
availability, accessibility, use and quality of diagnostic and 
secondary prevention facilities. This finding also strength- 
ens the conclusion that accessibility to vascular surgical 
advice was not an adequate explanation in this study. 


Clinical decision making 


The logistic regression model showed that age, sex, clinical 
indications, diabetes mellitus, hypertension, hyperlipidae- 
mia and renal disease were all independent predictors of the 
decision whether or not to amputate the lower limb 
(Table 3). After the clinical indication critical ischaemia 
(versus claudication, infection or deformity) and presence of 
renal impairment, the presence of diabetes mellitus was the 
strongest predictor of an amputation outcome. The odds 
ratio (95 per cent c.i.) was 3-91 (1-88-8-11), indicating that 
diabetes mellitus increased the risk of amputation nearly 
fourfold in this population of patients. Increasing age and 
female sex decreased the risk of amputation while presence 
of renal impairment strongly increased the risk (OR 5-82 
(1-89-17-94)). 
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Based on clinical cases with different levels of these 
predictors the overall and chance-adjusted agreement 
(kappa) between the decision made by each of ren surgeons 
and the actual outcome is shown in Table 5. Also shown 
is the kappa statistic for each surgeon stratified by the 
probability level of amputation derived from the model. 
Four surgeons showed perfect agreement («= 1), four 
surgeons showed a substantial 
(k=0-61-0-80), one surgeon showed a fai 
agreement (k=0-21-0-40) and one surge 
level of agreement (k=0-0-20). When the deci 
made by all ten surgeons were compared with the actual 
outcome the kappa statistic was 0-46, a moderate level of 
agreement’, 

Table6 shows the degree of ‘certainty’ regarding a 
decision to amputate classified by the probability of 
amputation of the scenario. The Pearson correlation 
coefficient was 0-653 (P< 0-001). 


level of 











Discussion 


Presenting clinical cases derived from a comprehensive 
patient database kept in one centre to surgeons working 
either in that centre or in one of two other centres showed 
that the overall chance-adjusted agreement (kappa) between 
the vascular surgeons’ decisions and the actual decision to 
amputate or revascularize a lower limb was «= 0-46. This 
indicates only a moderate level of agreement. Individual 
surgeons varied in their kappa levels, from perfect agree- 
ment to no agreement. This difference was not due to 
differences in the volume of work dealt with in each ce: 






variations reported in the GLEAS project’ the 
state: ‘[Excluding one population, the Navajo) 





Jifferences 
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Table6 Percentage level of certainty concerning the clinical decision of each of the ten surgeons 









OR 


84 
a A: 90 
 R:80(20 A100 
R: 70 (30) A10 ~~ 
R: 80 (20  A:90 
Aw R3070) 
- R:50 (50 > R: 30 (70) 
A5 AB 
A60 
ABO | 
A: 70 


= R:50 (60) © 


AGO. 






47-1. 


"R: 40 (60) 
A: 80 


A: 100. 


R s040 


R: 50 (50). 
R: 80 (20) 


Values in parentheses are transformed revascularization values (100 — stated value). A, amputation; R, revascularization 


between the other populations did not seem to be related to 
the prevalence of diabetes; it seems likely that differences in 
the prevalence of peripheral vascular disease are important. 
Other factors, such as cultural and medical care differences, 
including access to vascular surgery services, may also be 
important but require further investigation’. 

The three centres showed only a very small amount of 
geographical variation in peripheral vascular disease and 
trauma-associated amputations! ”. Another possibility cited 
in the GLEAS project was variation in availability or 
accessibility of vascular surgery facilities. These possibili- 
ties were considered in the current study but did not appear 
to offer an adequate explanation. A curious omission from 
the above listing of possible reasons for observed variations 
in rates is the possibility of differences in clinical decision 
making, although it is possible that the GLEAS authors’ 
reference to variations in ‘culture’ may have been meant to 
cover this issue. The current study shows that this source of 
variation is likely to explain substantially the observed 
variation in rates, at least in the three centres studied here. 

Using regression techniques to model decision making 
(so called ‘policy capturing’) originated 40 years ago”. It 
has been shown to be a very robust technique”* producing 
outcomes which accord with the clinician’s own choice 
regarding best practice’*. In the current study such a policy 
capturing model was used as the ‘standard’ from which the 
six real clinical scenarios were derived. Employing clinical 
scenarios to explore variations in clinical decision making 
has been shown to be a useful method in a variety of decision 
situations”, The ‘reality’ of the scenario format (for 
instance simulated patients or written scenarios) does not 
seem to influence the responses elicited?” and the scenarios 
used in the current study were actual cases, improving their 
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face validity-’. Although presenting clinical scenarios is, of 
course, artificial there was a significant correlation between 
the inherent uncertainty of the scenario (measured by the 
case probability of amputation) and the degree of ‘certainty’ 
about amputation assigned by the surgeons. This is taken to 
indicate that the scenarios were accurate reflections of the 
actual case uncertainty. Furthermore, although an actual 
decision may be made over an extended period of time, the 
case scenarios used allowed somewhat for this by including 
information on clinical course and the results of investiga- 
tions. 

In conclusion, this study shows that clinical decision 
making is not a precise and fully reliable activity. Given the 
same complex clinical situation, individual clinicians use 
their judgement and experience to make decisions and these 
decisions vary. However, even though experienced clin- 
icians can and do differ in their decision making, it is far too 
early to attempt to say what constitutes a ‘good’ or a ‘bad’ 
decision. Rather it seems that there is scope for further 
investigation of clinical decision making in this area to 
explore, in particular, whether there is any consensus on 
whatisa ‘good’ or ‘bad’ decision and whether it is possible to 
produce acceptable, valid and reliable guidance for surgeons 
faced with the decision of whether to amputate or 
revascularize a lower limb. 
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Appendix 
Given a logistic model 
w=4 +b; xi +b x2... by Xp 


where w =log.(P/1 — P) and P is the probability of a defined 
event y, 4 is a constant, ¥1...X¥p are prognosis variables, and 
bi..-bn are coefficients, then rearranging 


P (y= [1 + Oth tba tate mal 


which gives the probability of the event y for a particular 
case characterized by the values of x; ... £n. 
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Fate of hypertension after repair of coarctation of the aorta in 
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Background: Unrepaired aortic coarctation is known to have a detrimental effect on survival. The 
benefit of coarctation repair on systolic hypertension in adults has been questioned. ‘This retrospective 
study was conducted to evaluate the impact of repair of aortic coarctation on systolic hypertension in 
adults. 

Methods: Repair of aortic coarctation was performed in 84 patients aged 16-54 (mean 29) years. All 
patients were hypertensive before surgical intervention (mean systolic blood pressure 162 mmHg; mean 
diastolic blood pressure 93mmHg). All patients underwent echocardiography and/or cardiac 
catheterization. The peak mean systolic gradient across the coarctation was 60mmHg. The patients 
were followed after coarctation repair for between 1 and 12 (mean 5-2) years. 

Results: There was significant regression of hypertension (P< 0-001) in all patients. Thirty-five patients 
(42 per cent) did not need any antihypertensive medication 3 months after surgery. The prevalence of 
hypertension at the last follow-up (after mean 5-2 years) was 31 per cent. 

Conclusion: Surgical repair of coarctation of the aorta in adults leads to regression of systolic 


hypertension and a decreased requirement for antihypertensive medication. 


Paper accepted 3 December 2000 


Introduction 


Coarctation of the aorta represents 5-8 per cent of patients 
treated for congenital heart disease’. Owing to rapid 
advances in early diagnosis and management, coarctation 
of the aorta is now rarely encountered in adults. Unrepaired 
aortic coarctation results in high morbidity and mortality 
from hypertension, myocardial infarction, heart failure, 
intracranial haemorrhage, aortic rupture, infective endo- 
carditis and coronary artery disease”?. Ninety per cent of 
untreated patients die from one of these complications 
before the age of 50 years*. The first surgical repair of this 
congenital anomaly was reported by Crafoord and Nylin in 
1945°. Several studies have revealed that the success of 
elective repair diminishes with increasing age at opera- 
tion?®. The repair of coarctation of the aorta in adults has 
been reported to be associated with poor resolution of 
hypertension” *. This study was undertaken to evaluate the 
fate of hypertension after surgical intervention in adult 
patients with coarctation of the aorta, in a South Indian 
population. 
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Patients and methods 


Between January 1981 and December 1997, 84 adult 
patients underwent repair of coarctation of the aorta. 
There were 59 men and 25 women with a mean age of 29 
(range 16-54) years. There were only two patients over 
50years of age (Fig. 1). Preoperative blood pressure 
measurements were obtained by simultaneous cuff pressure 
measurements in the right arm and legs. Hypertension was 
defined as systolic blood pressure in the right arm exceeding 
140 mmHg’. The gradient across the coarct segment was 
measured by echocardiography and/or catheterization. The 
patients were divided into groups depending on the number 
of antihypertensive agents taken before surgery. These 
drugs included diuretics, angiotensin-converting enzyme 
(ACE) inhibitors, B-blockers and calcium channel blockers. 
The number of antihypertensive drugs each patient was 
taking before surgery was compared with the drug intake 
after surgical intervention at last follow-up (Table 1). 

All patients were operated through a left posterolateral 
thoractomy. In 80 patients the aorta was repaired using an 
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aortic occlusion clamp with controlled hypotension. 
Atriofemoral bypass was used in two patients and in two 
patients a proximal-to-distal aortic shunt was used. 
Continuous perioperative cerebrospinal fluid drainage 
was employed in 16 patients. Forty-two patients (50 per 
cent) underwent excision of the coarct segment with end-to- 
end anastomosis, 18 (21 per cent) underwent patch 
aortoplasty, 12 patients (14 per cent) had resection of the 
coarct segment with graft interposition and 12 (14 per cent) 
had a jump bypass graft. Re-exploration was needed in four 
patients for control of postoperative bleeding. 

Follow-up ranged from 1 to 12 (mean 5.2) years. Follow- 
up included assessment of blood pressure in all four limbs at 
the time of discharge from hospital, then monthly during 
the first year and every 3 months thereafter. All patients had 
echocardiography 3 months after surgery for assessment of 
the surgical outcome and estimation of any residual 
gradient. 


Results 


All patients had systolic hypertension at the time of 
admission. The mean systolic blood pressure was 162 
(range 140-210)mmHg and the mean diastolic blood 
pressure was 93 (range 60-110) mmHg. The mean systolic 
gradient across the coarct segment assessed by Doppler 
echocardiography was 60 (range 25—-154)mmHg. The 
gradient across the coarct segment could not be assessed 
in six patients who had very little forward flow in the aorta. 
The aorta was filling from collaterals in the latter patients 
on aortography. One patient died from uncontrolled 
haemorrhage after operation. Two patients had transient 
paraparesis, both of whom recovered within 2 weeks. Sixty- 
three patients had paradoxical hypertension after surgery 
which disappeared within 24-48h. The mean(s.d.) post- 
operative gradient across the repaired segment was 
11(4)mmHg.. Of the 83 surviving patients, 48 were 
hypertensive 3 months after surgical intervention; only 26 
patients were hypertensive at the last follow-up (Tabe 1). 
However, in these patients hypertension was controlled 
with one or more antihypertensive agents. 

Poor resolution of hypertension was mostly seen in 
patients over the age of 30 years at the time of repair (Fig. 1). 
‘Two patients had a significant residual gradient (35 and 
28 mmHg) after repair of coarctation of the aorta. Both 
were managed successfully with balloon dilatation 6 months 
after surgery. 


Discussion 


Most patients with uncorrected coarctation of the aorta die 
before the age of 50 years’. Hypertension is an established 
major risk factor for cardiovascular disease leading to 
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Fig.1 Age distribution and status of hypertension before and 
after repair of coarctation of the aorta 


Table1 Distribution of patients with systole hypertension 
before and after surgery 





*Mean 5-2 years 


premature death™”. 
coarctation of the aorta is the most important peed ictor of 
late hypertension'*’. Despite a satisfactory reduction 
blood pressure soon after operation, studies with longer 
follow-up have demonstrated that about one-third of 
patients develop late hypertension”, Clarkse i 
showed that the prevalence of late hypertension increased 
with the duration of follow-up. Several factors have been 
implicated in the persistence of hypertension after the repair 
of coarctation. These include endocrine factors and poor 


Age at the time of initial repair 














wo 





compliance of the arterial tree proximal to the coarctation 
site!', Abnormal endothelium-mediated vasodilatation in 
normotensive adults following coarctation repair sugg 
that abnormal endothelial function may contribute to the 
. Koller etal. 


lowest incidence of late hypertension (10 per 


STS 





pathogenesis of Saar observed the 
cent) in 


and 9 yea 





children we) had surgery between the ages of 2 





Lawrie etal." observed severe late hypertension in o 


per cent of patients when the coarctation was 





repaired 





www.bjs.co.uk British Journal of Surgery 2001, 88, 536~ 


538 Coarctation of the aorta In adults « M. A. Bhat, K. S. Neelakandhan, M. Unnikrishnan, R. S. Rathore, M. P. Mohan Singh and G. N. Lone 


before the age of 13 years. Maron etal? noted that 37 per 
cent of patients were hypertensive 11-25 years after 
coarctation repair. Kappetein etal.’* reported that 49 per 
cent of their patients were hypertensive, but the patients 
were under 3 years of age at the time of surgery and there 
was a high prevalence of recoarctation. 

Olley® suggested that operation may not be indicated for 
patients over 25 years of age, owing to lack of evidence that 
it alters the natural history of coarctation. However, Wells 
and colleagues’® reported 26 adult patients with a follow-up 
of 1-7 years after coarctation repair who had a significant 
improvement in systolic hypertension. In the present study, 
35 patients (42 per cent) did not need any antihypertensive 
medication after operation but the rest needed one or more 
antihypertensive drugs to achieve a systolic blood pressure 
of less than 140 mmHg (Table 1). However, the hyperten- 
sion was controlled with drugs, even in patients who had 
failed medical treatment before surgical intervention. The 
mean systolic blood pressure after coarctation repair was 
127 (range 100-180) mmHg; all patients had a significant 
improvement in systolic hypertension (P < 0-001) compared 
with preoperative values (Fig. 1). The prevalence of late 
postoperative hypertension in this series was 31 per cent. 

Aris etal.'’ reported repair of aortic coarctation in eight 
patients over 50 years of age. The systolic hypertension 
regressed in all patients and the need for antihypertensive 
medication was reduced. In the present study, only two 
patients were aged over 50 years; one became normotensive 
after surgery and the other required an ACE inhibitor to 
control the hypertension. 

Bearing in mind the low risk of surgery in this series, 
repair of coarctation of aorta can be recommended in adults. 
The surgery leads to regression of systolic hypertension and 
the need for antihypertensive medication is reduced. 
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Background: Surgery induces a postoperative immunosuppression, thereby possibly facilitating the 
outgrowth of pre-existing occult metastases or the seeding of disseminated tumour cells in patients with 
ptimary colorectal carcinoma operated on with curative intent. The hypothesis that adjuvant therapy 
with perioperative recombinant human granulocyte-macrophage colony-stimulating factor (rhGM- 
CSF) would minimize postoperative immunosuppression was investigated in this pilot study. 

Methods: Patients were allocated randomly to receive daily subcutaneous injections with either saline 
(na8) or rhGM-CSF 2-8ug per kg body-weight (n=8) from 3 days before operation until 4days 
afterwards. Phytohaemagpiutinin (PHA) skin test reactivity, monocyte human leucocyte antigen (HLA) 
DR expression and the extent of the acute-phase response, by determination of white blood cell count 
and differentiation, plasma interleukin (IL) 6 levels and body temperature in the perioperative period, 
were examined. 

Results: rhGM-CSF treatment minimized postoperative suppression in PHA skin test reactivity and 
increased the numbers of neutrophils and monocytes while enhancing the expression of HLA-DR in the 
postoperative period. Additionally, both postoperative plasma IL-6 levels and the incidence of fever 
tended to be higher in the rhGM-CSF group. 

Conclusion: In this pilot study, perioperative administration of low-dose rhGM-CSF stimulated certain 
immune functions that are normally depressed after operation. The implications for the antitumour 
responses directly after operation and the formation of liver metastases are currently under 


investigation. 
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Introduction 


For patients diagnosed with colorectal carcinoma, surgery 
with curative intent is the initial necessary treatment. 
However, major surgery causes a transient immunosup- 
pression, which has been associated with an enhanced risk of 
infectious complications and an accelerated outgrowth of 
distant and local metastases’. Additionally, viable tumour 
cells are shed into the portal bloodstream during operation 
and may invade the liver’. Thus, operation-induced 
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immunosuppression could facilitate the outgrowth of 
occult liver metastases and disseminated tumour cells. 

The hypothesis that perioperative adjuvant therapy with 
recombinant human granulocyte-macrophage colony- 
stimulating factor (rhGM-CSF) would minimize post- 
operative immunosuppression in patients with primary 
colorectal cancer operated on with curative intent was 
studied. 

GM-CSF was chosen for its effects on differentiation, 
recruitment and activation of monocytes/macrophages and 
neutrophils} ?’. Monocytes and resident liver macrophages 
(Kupffer cells) play an important role in the prevention of 
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liver metastasis'°. GM-CSF is capable of enhancing their 
innate cytotoxicity against human colonic carcinoma cells m 
vitro''!? and pretreatment in a rat experimental liver 
metastasis model reduced tumour outgrowth’’. Likewise, 
Hill etal.'* showed that GM-CSF could reduce the 
outgrowth of pre-established mouse tumours, even when 
given after laparotomy. In clinical studies, GM-CSF has 
been shown to exert immune-restoring effects on mono- 
cytes in different immunocompromised patients, such as 
those with metastatic solid tumours, patients undergoing 
high-dose chemotherapy and those with septic shock!*!”. 


Patlents and methods 


Patient details 


In this phase II clinical trial, patients with primary color- 
ectal carcinoma were assigned randomly to perioperative 
rhGM-CSF treatment or to control treatment with saline. 
The study was single blind for the patients. Patients were 
included when operated on with curative intent for color- 
ectal carcinoma, with no sign of distant metastases. A 
Karnowsky performance score greater than 70 per cent was 
required. The age was set to a minimum of 18 years and a 
maximum of 75 years. Both sexes were included. Patients 
who had undergone previous immunotherapy or che- 
motherapy were excluded, as well as those who were using 
immunosuppressive medication at the time of diagnosis, or 
who were suffering from any autoimmune disease. Written, 
informed consent was obtained from each patient indivi- 
dually, before treatment, according to the guidelines of the 
ethics commuttee of the Academic Hospital, Vrije 
Universiteit, Amsterdam. 

Patients underwent operation on day 0 via a median 
laparotomy with partial colectomy. Both groups received 
daily subcutaneous injections from 3 days before until 
4days after operation with either 1 ml saline alone or 
rhGM-CSF (Leucomax®; Schering-Plough, Maarssen, 
The Netherlands) 2-8 ug per kg body-weight dissolved in 
1 ml saline. 


Phytohaemagplutinin skin test 


The skin test was performed as described previously by 
Meijer etal.!®. In short, 0-5 ug purified phytohaemaggluti- 
nin (PHA) (Glaxo Wellcome, Raleigh, North Carolina, 
USA), in 0-1 ml saline was injected intradermally on the 
volar aspect of the forearm at days —4,+1 and +6. The 
response was measured as the mean diameter of induration 
24h after injection. 
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Haematological and immunological changes 


Samples of heparinized peripheral blood (lithium heparin — 
Vacutainer®; Becton Dickinson Europe, Cedex, France) 
were collected on days —4, 0 (just before operation), + 1 and 
+6. The total white blood cell count (WBC) and specific 
subpopulations of leucocytes were analysed by means of Sys 
Mex™ (type SE9000; Charles Goffin, Tiel, The 
Netherlands). 

Whole blood samples were stained with two fluorescently 
labelled monoclonal antibodies, anti-CD 14 and antihuman 
leucocyte antigen (HLA) DR (Becton Dickinson, Mountain 
View, California, USA). Red blood cells were lysed with 
formic acid and stained cells were fixed with paraformalde- 
hyde using the Q-Prep® procedure (Coulter Electronics, 
Hialeah, Florida, USA). The labelled cells were analysed on 
a FACScan (Becton Dickinson). The relative expression 
(mean fluorescence index) of HLA-DR-positive cells versus 
HLA-DR-negative cells was determined on CD 14-positive 
cells. 

Plasma interleukin (IL) 6 concentrations were deter- 
mined with an enzyme-linked immunosorbent assay kit 
(Pelikine™ compact human IL-6 ELISA kit, CLB, 
Amsterdam, The Netherlands). The detection limit was 
less than 2 pg/ml. 


Statistical analysis 

Differences between the groups at the different timepoints 
were analysed by means of the two-sample Mann-Whitney 
U test. Differences within groups were analysed with the 
Wilcoxon signed rank test for matched pairs. Results are 


expressed as mean(s.e.m.). Significance was accepted at a 
two-tailed P< 0-05. 


Results 
Patient details 


A total of 18 patients were enrolled in the study and 
randomly assigned to the rhGM-CSF or control group. 
‘Two patients were, however, excluded from the study. One 
patient refused further injection because of musculoskeletal 
pain and malaise 15 min after the first rhGM-CSF injection. 
Another rhGM-CSF-treated patient suffered from a 
transient ischaemic attack 2days before operation. 
Therefore, a total of 16 patients was included (Table 1). 
rhGM-CSF treatment was well tolerated in all patients and, 
besides minor musculoskeletal pain and general tiredness 
after the first injection in two patients, no significant side- 
effects or dermal abnormalities at the injection site were 


observed. 
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Postoperative outcome 


One patient in the control group experienced anastomotic 
leakage 6 days after hemicolectomy; the patient underwent 
reoperation and an ileostomy was constructed. The patient 
later developed an abscess of the abdominal wound, which 
was drained. Two months later the stoma was closed 
successfully and an ileotransverse anastomosis was con- 
structed. Within 1 year this patient was diagnosed with a 
brain metastasis and received radiation therapy. Another 
patient developed a local recurrence and distant metastases, 
and received chemotherapy. 

In the rhGM-CSF group one patient was diagnosed with 
a pulmonary embolus by ventilation-perfusion scanning 
5 days after operation, despite heparin prophylaxis. This 
patient was heparinized and no further complications were 
reported. 


Phytohaemagglutinin skin test 


The mean(s.e.m.) induration before operation was compar- 
able in the two groups: 11-9(2-0) and 12-3(1-7) mm in the 
control and the rhGM-CSF groups respectively (P = 0-72). 
Atday + 1, induration in the control group was less than that 
in the rhGM-CSF group (4-4(3-1) versus 9-0(22-6) mm (95 


Table1 Patient details 





- Tumour site (Co:S:R) 5 
rhGM-CSF, recombinant human granulocyte-macrophage colony- 


stimulating factor; ASA, American Society of Anesthesiologists; 
Co, colon; S, sigmoid; R, rectum 


Table2 Haematological changes in the perioperative period 










day Total WBC > Neutrophils 
4-63(0-55) 
4:32(0-58) 
10:50(1:11) 
 4-89(0-49) 
~- 4-46(0-82) 
-  9-05(0:96)" 
= 14078(1:41) 
8:31(1-49)" 


13.200154 
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per cent confidence interval (c.i.) 2-0-7 mm), P= 0-01}, Six 
days after operation no differences were found berween 
control and rhGM-CSF (10H57 
11-9(1-7) mm; P=0-33). 





groups 


Haematological changes 


On days 0 and +6 the WBC in the rhGM-CSF group was 
higher than that in the control group (95 per cent ¢.1. 4-6~ 8 9 
and 3-0-12.7 respectively; P< 0-01 for both days) (Table 2 
The leucocytosis in the rhGM-CSF group E N 
predominant immature neutrophils, 
Monocytosis was noted in the rhGM-CSF group on days 
+1 and +6. On day +1 only, 
difference in monocyte counts between the groups (95 per 
cent c.i. 0-03-0.94; P=0-04. Lymphocyte counts differed 
between the groups on day +6 (95 per cent ca. 0.39-1.90; 
P<0-01), with the rhGM-CSF group having Higie SOUS 
than the control group. In both groups T cells accounted for 
65 per cent of the total lymphocyte population during the 
perioperative period. 


increase in 


there was a significant 








Human leucocyte antigen DR expression on 
monocytes 


The control and rhGM-CSF group had similar mean 
(s.e.m.) HLA-DR expression levels (mean fluorese 
index) at the start of treatment (23-9(3-2) and 19-4417) 
respectively; P= 0-44) (Fig. 1). HLA-DR expression in ie 
rhGM-CSF group on days 0 and + 
than that in the control group (95 per cent ¢.i. 10-0-49-0 and 
17-0-43.0 respectively, P<@.01 for both days}. Ne post- 
operative decrease in HLA-DR paari on day +] was 
detected in the rhGM-CSF group (P= 
The control group, on the other hand, di 3 show a sma 


peg 





| was significantly higher 


i 
L38 versus de 


significant decrease at day +] compared with the pre- 








Eosinophils Basophils. = Mon 


--9:08(0.04) 
0.03(0-01) 


0-11(0-06). 
0-20(0-04) 

0-06(0-05). 
0-21(0-05) 
0:10(0-03) 

0-56(0:17)" 
0-43(0-13)" 


1.27(0-33)" “0.00(0-00) 


Values are mean(s.e.m.) X 10° cells/ml. HBC, white blood cell count; rhGM-CSF, recombinant human granulocyte-macrophage colony-stimulanng 


factor. *P< 0-05 versus control group (two-sample Mann-Whitney U test) 
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operative value (P<0-01). On day +6 no difference in the 
expression between the groups was observed (P= 0-72). 


Interleukin 6 


Plasma concentration of IL-6 did not differ significantly 
between the groups on any perioperative day, but the levels 
on day +1 in rhGM-CSF-treated patients tended to be 
higher than those in controls (mean(s.e.m.) 116-1(38-4) 
versus 41-1(10-2) pg/ml; P= 0-23) (Fig. 2). 


C Control 
rhGM-CSF 


Mean fluorescence index 





Perioperative time (days) 


Fig.1 Human leucocyte antigen DR expression on monocytes at 
days ~ 4, 0,+ 1 and +6, expressed as mean(s.e.m.) fluorescence 
index. rhGM-CSF, recombinant human granulocyte- 
macrophage colony-stimulating factor. *P< 0-01 versus control 
at day 0 (Wilcoxon test); P< 0-01 (Mann-Whitney U test) 
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Fig.2 Mean(s.e.m.) plasma interleukin (IL) 6 levels at days —4, 
0,+ 1 and +6, rhGM-CSF, recombinant human granulocyte- 
macrophage colony-stimulating factor 
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Perioperative body temperature 


All patients had a normal preoperative body temperature 
(rhGM-CSF range 37-0-37.5°C, control range 36-4- 
37-5°C). Postoperative mild fever (38-39°C) was more 
prevalent in the rhGM-CSF-treated patients than in the 
control group (six of eight versus one of eight; P=0-04, 
Fisher’s exact test). The body temperature of all patients 
had normalized on day + 6. 


Discussion 


The disappointing 5-year disease-related survival rate of 
patients diagnosed with colorectal carcinoma is due mainly 
to the presence of occult liver metastases and/or tumour cell 
dissemination during operation’'’. An alert immune 
system is necessary to eliminate these tumour cells, but, 
unfortunately, surgery lessens immune responsiveness. 
Boosting the immune system in the perioperative period 
might therefore be of great value. Several groups have 
performed studies with perioperative interferon œ and/or 
IL-2, and have shown an augmented postoperative natural 
killer and T-cell function in patients operated on for 
colorectal carcinoma??** Additionally, Schafer etal? 
have shown the beneficial effects of perioperative G-CSF 
on the neutrophil functions of patients undergoing 
oesophagectomy. In the case of metastatic spread to the 
liver, however, monocytes and Kupffer cells were also 
shown to be crucial in the first line of defence", 

In this pilot study, the effect of perioperative rhGM-CSF 
treatment on the postoperative immunosuppression in 
patients with colorectal carcinoma operated on with 
curative intent was evaluated. As the treatment groups were 
relatively small, no conclusion can be drawn about the effect 
of rhGM-CSF on postoperative complications and out- 
come. However, a number of immunological parameters 
known to correlate with the clinical outcome of the surgical 
patient and with the capacity to eliminate tumour cells% ~" 
were influenced by rhGM-CSF treatment. 

The rhGM-CSF-treated patients retained better PHA 
skin test reactivity after operation. Clinically, decreased 
delayed-type hypersensitivity skin test reactivity has been 
shown to correlate with the subsequent development of 
septic complications and morbidity in severely injured 
patients'*?*, Immunologically, suppressed reactivity is an 
indication of dysfunction in the activation or effector phases 
of the T-cell response”*. Thus, rhGM-CSF might improve 
T-cell responsiveness directly after operation. 

rhGM-CSF treatment increased the number of mono- 
cytes found immediately after operation until 6 days later. 
No direct effect of rhGM-CSF on preoperative monocyte 
counts was detected, probably because of the low treatment 
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dosage*®. rhGM-CSF induced an increase in monocyte 
HLA-DR expression, as had been shown previously by 
Schmid et al.°. Additionally, the postoperative decrease in 
HLA-DR expression, normally observed after major 
trauma”*?78" was prevented by rhGM-CSF admunistra- 
tion. Reduction in HLA-DR predates, and often predicts, 
the development of postoperative septic complications”””®, 
The fact that the rhGM-CSF-treated patients possessed 
more monocytes with higher HLA-DR expression levels in 
the postoperative period may result in an improved major 
histocompatibility complex-restricted antigen presentation 
during this crucial period and a more efficient generation of 
tumour- and pathogen-specific cytotoxic T cells. An 
increase in the number of peripheral T cells on day +6 
and enhanced PHA skin test reactivity on day + 1 was noted 
in the rhGM-CSF-treated patients. 

The leucocytosis seen in the rhGM-CSF group repre- 
sented an increase in immature neutrophils, as expected”®. 
In addition, rhGM-CSF is known to induce activation of 
neutrophils and eosinophils, leading to an increased 
oxidative burst and bacterial lalling’. In the rhGM-CSF 
treatment group, activated and increased numbers of 
granulocytes in the perioperative period might reduce 
postoperative infectious complications. However, no re- 
duction in the incidence of postoperative infections after 
daily low-dose perioperative rhGM-CSF administration in 
(mainly) patients with advanced cancer could be found by 
Meropol etal??, possibly as a result of the previous 
chemotherapy or radiotherapy that most of these patients 
had undergone. In the present study, one patient in the 
control group and none in the rhGM-CSF group developed 
infection after operation. 

Postoperative IL-6 levels tended to be higher in the 
rhGM-CSF group. This coincided with a higher body 
temperature. This might indicate that there was a stronger 
acute-phase response in these patients*’. More trauma 
results in higher IL-6 levels, and high levels after operation 
are normally an indication of the extent of postoperative 
stress">3°, On the other hand, IL-6 is capable of reducing 
neutrophil apoptosis and is involved in haematopoiesis, 
thereby increasing the number of blood neutrophils and 
haematopoietic progenitor cells after operation®'’?. A 
synergistic action with other haematopoietic growth 
factors, including GM-CSF, has been reported’, which 
could explain the mild fever in the rhGM-CSF group. 

In conclusion, it seems that perioperative low-dose 
rhGM-CSF treatment might compensate partly for sup- 
pressed immune functions in the postoperative period. 
Whether there are any consequences for the development of 
infectious complications and antitumour responses directly 
after operation is currently under investigation. The value 
of perioperative rhGM-CSF treatment in the prevention of 
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liver metastases during follow-up should be examined more 
extensively in a larger clinical setting. 
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Decreased tyrosine kinase C expression may reflect 
developmental abnormalities in Hirschsprung’s disease and 
idiopathic slow-transit constipation 
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Background: Some patients with Hirschsprung’s disease have refractory constipation following 
excision of aganglionic bowel, as do patients with idiopathic slow-transit constipation (STC). Gut 
motility depends on enteric neuronal development in response to expression of trophic factors and their 
receptors. Recent studies indicate the importance of neurotrophin 3 (NT-3) and its high-affinity 
receptor tyrosine kinase C (trk C) in enteric neuronal development. 

Methods: Blinded quantitative immunohistochemical analysis of colon from patients with 
Hirschsprung’s disease (aganglionic, hypoganglionic and normoganglionic) (7 =5), STC (n=6) and 
appropriate age-matched control tissues (n=5) was performed for NT-3 and trk C. Sural nerve 
morphometry and immunostaining were undertaken in three patients with STC who had abnormalities 
on limb autonomic and sensory testing. 

Results: A significantly higher proportion of submucous plexus neurones was trk C immunoreactive in 
control infant than adult colon (mean(s.e.m.) 73(9) versus 16(3) per cent of the total; P< 0-001), in accord 
with a role in development. The proportion of submucous plexus trk C-immunoreactive neurones was 
reduced in colon from patients with Hirschsprung’s disease (28(7) per cent of total in normoganglionic 
Hirschsprung’s disease; P< 0-007 versus infant controls) and STC (10(1) per cent of total; P= 0-053 
versus adult controls). No abnormalities of STC sural nerves were detected by morphometry or 
Conclusion: Decreased trk C expression may reflect developmental abnormalities in Hirschsprung’s 
disease and idiopathic STC. Trk C activation by NT-3 or drugs may provide novel treatments. 
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Introduction 


It is known that a proportion of patients with 
Hirschsprung’s disease have long-term disturbances of 
defaecatory function following corrective surgery’. Some 
such children, who continue to complain of refractory 
constipation, have a measurable delay in colonic transit’. A 
separate group of predominantly female patients has severe 
constipation also arising in infancy or childhood without 
the characteristic histological changes of Hirschsprung’s 
disease (i.e. aganglionosis) or colonic dilatation, but with a 
measurable delay in colonic transit (slow-transit constipa- 
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tion; STC)’. These patients, who commonly present in 
adulthood, may require surgery (colectomy), with highly 
variable outcomes’. 

Morphological studies of proximal ganglionic tissue from 
patients with Hirschsprung’s disease and colonic tissue 
from patients with STC have provided some evidence of 
enteric neuronal abnormalities”, but the aetiology of the 
motor abnormality in either group of patients remains 
unclear. Recent studies of the sequential actions of essential 
growth and transcription factors have revealed that enteric 
neuronal development involves a complex interaction of 
lineage-determined and microenvironmental elements. 
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The genetic signals that are critical for neural crest 
migration and differentiation have been identified by 
studying natural and targeted mutations in mice, and 
include the normal transcription of genes encoding 
neurotrophins, their receptors and associated neuropoietic 
cytokines’”'°. In early development (mouse E12), progeni- 
tors of the enteric nervous system (ENS) depend on the 
correct expression of receptor tyrosine kinase (RET) and 
glial cell line-derived neurotrophic factor (GDNF) for 
survival’, Later (mouse E14-16), neurotrophin 3 (NT-3) 
promotes development of glia and neurones and enhances 
neurite outgrowth, acting via its high-affinity receptor 
tyrosine kinase C (trk C)””®. 

The localization of some trophic factors and their 
receptors has been investigated in developing and postnatal 
normal human intestine'’!? and in patients with 
Hirschsprung’s disease'*. In the present study, the dis- 
tribution of NT-3 and its high-affinity receptor trk C, and 
of GDNF and its receptor RET, was examined in the 
intestine of patients with Hirschsprung’s disease or STC. As 
these factors play a role in the development of other 
components of the peripheral nervous system*!*!> that 
show subclinical abnormalities in Hirschsprung’s disease'® 
and STC’, sural nerve biopsies were also studied from a 
small number of patients with STC. 


Patients and methods 


Hirschsprung’s disease 


Colonic and rectal tissues from five patients, four boys and 
one girl, aged 0-7-3-1 (median 0-8) years, were studied. All 
patients had sporadic distal colonic (n = 4) or short-segment 
(n= 1) disease, without clinical evidence of an established 
major genetic syndrome, e.g. Down’s syndrome or Shah— 
Waardenburg syndrome. The patients used in the study 
were not known to suffer from clinically significant 
refractory constipation, although transit studies had not 
been performed. Specimens were taken from aganglionic 
and normoganglionic regions and verified on the basis of 
histological characterization. The ‘transitional zone’ 
(hypoganglionic region) was grossly identified as the area 
of dilatation proximal to the contracted aganglionic region, 
and confirmed microscopically by the presence of hyper- 
trophic nerve trunks with a reduced number of ganglia. 


Slow-transit constipation 


Nine patients with idiopathic STC were studied in total (six 
colonic tissue studies, three sural nerve studies). All were 
women, aged 24-73 (median 42)years. All patients had 
symptomatic evidence of chronic functional constipation as 
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defined by agreed criteria’®. Median bowel habit was once 
per 10 days. Delayed colonic transit was demonstrated by 
radio-opaque marker retention (more than 20 per cent at 
100h) and/or by radioisotope studies (four patients)!”. 
Anorectal physiological examination confirmed the pre- 
sence of the rectoanal inhibitory reflex, but two patients had 
reduced anal canal squeeze pressures. Small or moderate 
rectoceles were present in three patients, but all but one 
patient were able successfully to evacuate the majority of 
contrast during standard proctography. Seven patients had 
rectal hyposensation to balloon distension (latex balloon 
with constant inflation of air at 1 ml/s) compared with the 
normal range for women aged less than 50 years. 

Sigmoid colonic tissue was obtained from six patients, all 
of whom underwent subtotal colectomy and ileorectal 
anastomosis. Sural nerve tissue was obtained at the ankle 
under local anaesthesia from three women with STC (aged 
38-62 years) who had no abnormalities on clinical examina- 
tion, but who had clear deficits in the lower limbs on 
quantitative sensory and autonomic tests. These quantita- 
tive tests!” had been performed on two occasions by 
different operators with an interval of greater than 12 
(range 14-30) months. Small sensory fibre dysfunction, as 
evidenced by significantly raised thermal thresholds, in 
particular to warm perception, was present in all three 
biopsied patients. One patient also had autonomic dysfunc- 
tion, as shown by reduced axon-reflex sweating. Such 
abnormalities were consistently reproduced twice on both 
separate occasions. Sural nerve neurophysiological studies 
(conduction velocity, amplitude of sensory action potential) 
were normal. 


Controls 


Age-matched control tissues were obtained for 
Hirschsprung’s disease tissues from the colon of infants 
and children with anal atresia at colostomy sites (7 = 5; age 
0-1-2-7 years). Although not strictly the case, this group has 
been termed control ‘infant’. While it is accepted that the 
colon proximal to the site of atresia may not be entirely 
normal in such patients, the availability of infant tissues is 
limited and necessitated their use. For STC, control colon 
was obtained from patients undergoing colonic resection 
for uncomplicated neoplastic disease or familial adeno- 
matous polyposis (7=5; age 26-78 years). Normal sural 
nerves were obtained from age-matched patients under- 
going surgical limb amputations for non-neurological 
conditions (7=5) for the immunocytochemical studies, 
and biopsies from organ donor cases without evidence of 
peripheral neuropathy (7 = 3) for the morphological studies. 
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Immunohistochemistry 


All intestinal specimens were snap frozen in liquid nitrogen 
and kept at — 70°C until use. Full-thickness samples of colon 
were embedded in OCT (Tissue-Tek; R. Lamb, London, 
UK) to allow transverse frozen sections to be cut as near to 
perpendicular as possible. Sural nerve was embedded to 
allow longitudinal frozen sections. Antibodies to neuro- 
trophins, receptors and neurofilaments used in the study are 
described in Table 1. Frozen tissue sections (10,1m) were 
collected on to poly L-lysine-coated (Sigma, Poole, UK) 
slides, postfixed in Zamboni fluid (2 per cent w/v formalin, 
phosphate 0-1 mol/l; 15 per cent v/v saturated picric acid) 
and washed in phosphate-buffered saline (phosphate 
0-1 mol/l, 0-9 per cent w/v saline, pH 7-3) before incubation 
with primary antibodies. Sites of antibody attachment were 
detected using a nickel-enhanced, avidin-biotin-complex 
immunoperoxidase method?°. Negative control immuno- 
staining included omission of primary antibodies or 
replacement with normal rabbit serum. Preparations were 
counterstained for nuclei with either haematoxylin and 
eosin or 0-1 per cent w/v aqueous neutral red, dehydrated 
and mounted in a xylene-based mountant (DPX; BDH/ 
Merck, Poole, UK) before photomicrography. Trk C- or 
NT-3-immunoreactive neurones in the submucous and 
myenteric plexuses were counted in a minimum of four non- 
consecutive tissue sections from each region in diseased and 
normal intestine, and compared with counts of cells in 
adjacent tissue sections routinely stained (haematoxylin and 
eosin) or immunostained for neurofilaments. Counts were 
expressed as a proportion of the total obtained with 
haematoxylin and eosin or neurofilament staining. The 
area of immunoreactivity for GDNF, RET and neurofila- 
ments in sural nerve was measured in a minimum of three 
microscopic fields (final magnification X 100) per section 
from each case using computerized image analysis (Seescan, 
Cambridge, UK). 


Sural nerve morphometry 
The specimens were fixed in 2-5 per cent glutaraldehyde in 


piperazine-N-N’-bis(2-ethane sulphonic acid) buffer. 


Table1 Antibody characteristics 


guy sean 





Following postosmication and dehydration they were 
embedded in Durcupan (Agar Scientific, Stansted, UK) 
via epoxypropane. Semithin sections were stained with 
thionin and acridine orange. Ultrathin sections were 
contrasted with uranyl 
Myelinated fibre density and size distribution were exam- 
ined using an IBAS2 image analyser (Kontron, Eching, 
Germany). Estimates of unmyelinated axon densities were 
made on electron micrograph montages at a magnification 
of X 10000. 





acetate and lead citrate. 


Statistical analysis 


Results are expressed as mean(s.e.m). The percentages of 
immunopositive neuronal cell bodies were compared with 
the Mann-Whitney U test. P< 0.05 was taken as significant. 


Approval 


The studies were approved by the local ethics committee 
(East London and City Health Authority). 


Results 
Colonic studies 


Control tissues 


Trk C and NT-3 immunoreactivity was detected in all 
tissues studied (Figs 1-3). The proportio 
immunoreactive neurones in the submucous plexus 
higher in control infant than in contro! adult cole 
versus 16(3) per cent of the total; P< 0-001). A relati 
percentage of neurones was trk © immunor 
myenteric plexus of both infant and adu! 
2). A similar predominance of NT -3-immunoreactive 
neurones was observed in the submucous plexus compared 












colon (Figs 1] and 





with the myenteric plexus of control infant tissues (98(2) per 
cent in infant submucous plexus versus 244) per cent in 
myenteric plexus) (Figs 1 and 3). GDNF immunoreactivity 
and RET immunoreactivity were detected in neural 


NT-3, neurotrophin-3; GDNF, glial cell line-derived neurotrophic factor; RET, receptor tyrosine kinase 
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Fig.1 a,b Trk C and c, d neurotrophin 3 (NT-3) immuno- 
reactivity in submucous neurones and myenteric neurones. 
Neurones are counterstained with either haematoxylin (blue 
nuclei) or neutral red (red/pink nuclei). Arrows indicate 
immunopositive cells and arrowheads indicate immunonegative 
cells. Scale bars, 40 um 


supporting cells and neuronal cells respectively (data not 
shown). 


Hirschsprung’s disease and slow-transit constipation 


The percentage of trk C-immunoreactive neurones in 
submucous plexus was significantly reduced in normo- 
ganglionic colon from patients with Hirschsprung’s disease 
compared with that in age-matched controls (28(7) per cent 
in normoganglionic Hirschsprung’s disease versus 73(9) per 
cent in control infant; P < 0-007) (Fig. 2). A similar trend was 
observed for colonic tissue from patients with STC (10(1) 
per cent for STC versus 16(3) per cent for control adult; 
P=0-053) (Fig. 2). Few trk C-immunoreactive neurones 
were seen in the myenteric plexus in tissues from patients 
with Hirschsprung’s disease. NT-3 immunoreactivity was 
preserved in neurones of the submucosal plexus of 
normoganglionic Hirschsprung’s disease colonic tissues 
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(83(11) per cent), but reduced in hypoganglionic tissues 
(54(19) versus 98(2) per cent in controls; P= 0-025) (Fig. 3). 
There were no significant changes in NT-3 immunoreac- 
tivity (either plexus) in patients with STC compared with 
controls. GDNF and RET immunoreactivity similarly 
appeared normal in tissue from patients with normogan- 
glionic Hirschsprung’s disease or STC. In Hirschsprung’s 
disease tissues, RET enteric neurone staining was absent in 
aganglionic segments, but GDNF nerve fibre staining was 
preserved in hypoganglionic and aganglionic tissues. 
Measurement of the total number of neurones in control 
and STC intestine showed no significant difference in either 
plexus (control versus STC: 3-3(1-0) versus 2-4(0-4) cells/mm 
in submucous plexus; 2-7(0-6) versus 2-2(0-4) cells/mm in 
myenteric plexus). 


Sural nerve studies 


Morphomerric analysis of sural nerve biopsies from patients 
with STC showed normal densities and size distributions 
for myelinated nerve fibres, and normal densities for 
unmyelinated axons. These did not differ significantly from 
published normal ranges*'. Immunocytochemical studies 
of sural nerves from patients with STC showed no 
differences from controls. Antibodies to neurofilaments 
showed strong staining of large- and small-diameter fibres 
throughout the nerve in all cases. Antibodies to NT-3 
showed a few weakly stained fibres while antibodies to RET 
or GDNF immunostained a subpopulation of small- 
diameter fibres in both control nerves and those from 
patients with STC. Image analysis of sural nerves showed no 
significant difference between controls and STC in the 
amount of immunoreactivity for neurofilaments, GDNF or 
RET (control versus STC: 26(3) versus 27(3) percentage area 
immunostaining for neurofilaments; 12(3) versus 18(5) per 
cent for GDNF; 30(4) versus 19(5) per cent for RET). 
Immunostaining with antibodies to peripherin, which 
recognize a small neurofilament component (57 kDa), also 
showed no significant change in sural nerves from patients 
with STC (control versus STC: 21(3) versus 21(1) per- 
centage area immunostaining). Trk C and NT-3 immuno- 
reactivities were too low to allow image analysis, but on 
microscopic inspection the degree of immunoreactivity 
appeared similar. 


Only in recent years have paediatric surgeons begun to 
examine critically the long-term functional outcomes after 
surgery for Hirschsprung’s disease in childhood". Although 
comparison of different series is hampered by age, pattern of 
disease, length of follow-up, early postoperative complica- 
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Fig.2 Mean(s.e.m.) percentage of trk C-immunoreactive submucosal (a-c) and myenteric (d—f) neurones in colon from (a, d) infant 
and adult controls, (b, e) patients with Hirschsprung’s disease and (c, f) patients with slow-transit constipation (STC). 
A, aganglionic, H, hypoganglionic; N, normoganglionic. *P< 0-001, +P < 0-007 versus infant controls, £P = 0-053 versus adult controls 


(Mann-Whitney U test) 


tions, and outcome measures used’, it is generally accepted 
that refractory constipation occurs in a proportion of 
patients, regardless of the exact restorative surgical tech- 
nique used'. Motility disturbances in retained histologically 
normoganglionic regions of intestine have been demon- 
strated both in anorectal Hirschsprung’s disease (abnormal 
proximal colonic transit)' and in total colonic aganglionosis 
(abnormal oesophageal and duodenal motility)’’. In the 
latter, antroduodenal manometric changes were character- 
istic of a neuropathic process. 

STC is a motility disorder defined by the finding of a 
delay in colonic transit. Manometric testing reveals a 
reduction in the frequency and amplitude of high-ampli- 
tude propagating contractions in the colon”, and motor 
abnormalities in the extracolonic gastrointestinal tract and 
urinary tract. A large proportion of such patients have 
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symptoms that arise in early childhood or infancy, and many 
report a history of constipation in other family members”. 

Based on alterations in immunoreactivity for a number of 
neurotransmitters® or other neurone- 
gens*’, it has been suggested that an intrinsic myenteric 
neuronal abnormality might underlie the observed physio- 
logical abnormalities in postoperative constipated 
Hirschsprung’s disease, and in patients with STC. The 
aetiology of such degeneration is not known in either 
condition. In STC, previously tested hypotheses (laxatives, 
absorption, hormones, psychological abnormalities, endo- 
genous opioids, etc.) have not provided conclusive res 

In Hirschsprung’s disease, molecular genetic ana 
have now identified several, functionally dependent, s 
ceptibility genes in pathways crucial for normal F 
development". Such genomic discoveries have } sahen 
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Fig.3 Mean(s.e.m.) percentage of neurotrophin 3 (N'T-3)-immunoreactive submucosal (a-c) and myenteric (d-f) neurones in colon 
from (a, d) infant and adult controls, (b, e) patients with Hirschsprung’s disease anc (c, f) patients with slow-transit constipation (STC). 
A, aganglionic; H, hypeganglionic; N, normoganglionic. *P = 0-039, +P= 0-025 versus infant controls (Mann-Whitney U test) 


interest in the functional role of neurotrophins and related 
factors in the ontogeny of the ENS, and more recently in 
terms of a postnatal role in plasticity” *. The progenitors that 
colonize the bowel below the rostral foregut depend for 
their survival and/or development upon activation of the 
RET receptor complex by GDNF”! and other related 
RET ligands such as neurturin*®. No enteric neurones 
develop below the rostral foregut in mice lacking GDNF’ 
or RET’. Such activation is early (E12), but GDNF and 
RET continue to be expressed in the ENS and are found in 
postnatal gut'’. Previous studies of Hirschsprung’s disease 
tissue have shown absent’®, decreased?’ or normal? GDNF 
levels in aganglionic bowel, with no difference in GDNF 
immunoreactivity in hypoganglionic bowel'’. In the pre- 
sent study, the expression of RET and GDNF was normal 
in ganglionic Hirschsprung’s disease and STC tissues, 
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suggesting chat these may not be generally involved, at least 
in some sporadic cases. 

Trk C, the high-affinity receptor for NT-3, is expressed 
by crest-derived cells isolated from foetal bowel?®. 
Neurones of the myenteric plexus are increased in both 
number and size in transgenic mice that overexpress NT- 
3°! While the ENS has been reported to be present in mice 
with targeted mutations that prevent expression of NT-3° 
or trk C7, it has not been shown to be entirely normal in 
these animals. In contrast to GDNF, NT-3 has no effect at 
E12, but promotes glia/neuronal development, and en- 
hances neurite outgrowth at E14-16’. Expression of trk C 
may itself be regulated by NT-3, as observed in the 
developing peripheral nervous system. Trk C and NT-3 
are co-localized in postnatal human ENS"? and coexpressed 
in adult rat ENS*?, suggesting an autocrine role. In the 
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present study, a markedly higher proportion of submucous 
plexus neurones were trk C immunoreactive in control 
infant than control adult colon, further supporting a role for 
trk C/NT-3 in the normal development of the human ENS. 
In this and a previous study of Hirschsprung’s disease, 
NT-3 was absent in the aganglionic colon and reduced in 
transitional intestine, whilst trk C was absent only in the 
aganglionic region’’. Additionally, in this study, although 
the overall neuronal architecture in normoganglionic gut 
tissues of Hirschsprung’s disease and STC was normal, the 
percentage of neurones expressing trk C was reduced in 
both. There were no significant changes in NT-3- 
immunoreactive neurones in STC. It may thus be 
hypothesized that in these cases there is a failure of one or 
more regional mechanisms that lead to increased pheno- 
typic expression of trk C in ontogeny, which in turn may 
contribute to altered connectivity or function. 

No major morphological or immunocytochemical ab- 
normality was observed in sural nerve biopsies from patients 
with STC. The minor abnormalities observed were not 
typical of an acute or ongoing chronic, degenerative 
process, and this was consistent with the lack of deteriora- 
tion in detected subclinical quantitative abnormalities. Such 
abnormalities may therefore be congenital. The relatively 
minor clinical effects in the limbs and pathological changes 
in sural nerves in STC suggest that additional factors are 
involved in development of neural crest-derived tissues in 
different regions and systems, which deserve further 
investigation. 

The findings in this study suggest that the reduction in trk 
C receptors in Hirschsprung’s disease may account for 
continuing dysmotility problems after resection of all 
aganglionic bowel. The abnormality may also be a cause 
of idiopathic STC, particularly when this starts in child- 
hood. Trk C activation by either its ligand NT-3 or 
specifically designed drugs may provide an alternative novel 
therapy for these often resistant diseases. Indeed, recent 
data indicate that recombinant human NT-3 can accelerate 


intestinal transit in humans**. 
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Background: Chronic anal fissure has traditionally been treated surgically. Initial enthusiasm for 
chemical sphincterotomy has waned because of poor outcomes with glyceryl trinitrate ointment. In this 
study the use of topical 2 per cent diltiazem ointment has been investigated as an alternative method of 
chemical sphincterotomy. 

Methods: A prospective assessment of 71 consecutive patients with a chronic anal fissure treated with 2 
per cent topical diltiazem ointment for a median duration of 9 (range 2~16) weeks was performed. 
Results: Fifty-one patients (75 per cent) experienced healing of the fissure after 2-3 months of 
treatment with topical diltiazem. Seventeen patients who did not heal were treated for a further 8 weeks 
with topical diltiazem. Eight of these patients subsequently healed with diltiazem. Fifty-nine of 67 
patients who completed follow-up therefore healed on diltiazem ointment. Four patients experienced 
perianal dermatitis and one patient experienced headaches. No other side-effects were recorded. After a 
median of 32 (range 14-67) weeks’ follow-up following completion of treatment, 27 of 41 patients 
available remain symptom free. Six of seven patients with recurrent fissure were treated successfully by 
repeat chemical sphincterotomy. 

Conclusion: Topical 2 per cent diltiazem ointment used as an agent for chemical sphincterotomy for 
chronic anal fissure offers significant healing rates but does not have a significant side-effect profile, 
which may aid compliance to treatment. Early recurrences are common but usually amenable to further 


chemical sphincterotomy. 
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Introduction 


Anal fissure is a common anorectal condition. It is 
associated with spasm of the internal anal sphincter’, 
except in postpartum patients*, and a reduction in mucosal 
blood flow? with delayed or non-healing of the ulcer. The 
aim of treatment is to improve the blood supply to the 
ischaemic area to facilitate healing, if necessary, by reducing 
resting anal pressure, a function of internal anal sphincter 
activity. 

Traditional surgical techniques for treatment include 
anal dilatation or partial division of the internal sphincter. 
These procedures permanently lower resting anal pressure 
and result in healing of the fissure in the majority of patients. 
Both of these methods may be complicated by permanent 
incontinence’. This significant complication has led to a 
search for alternative therapies for the treatment of chronic 
anal fissure. 

Chemical sphincterotomy has been tried using a variety 
of novel agents including topical glyceryl trinitrate 
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(GTN)*"®, calcium channel blockers such as nifedipine"! 
or diltiazem!*-4, and botulinum toxin’*. Although initially 
promising, topical GTN has recently been described as 
having disappointing results with significant side- 
effects!®!’, Oral nifedipine and diltiazem have been 
suggested as alternatives but may also have significant 
side-effects". Topical diltiazem has recently been shown 
to be effective and may not have the same side-effect profile 
as the oral preparation’?"'*, 

This study was undertaken to evaluate the efficacy of 
topical 2 per cent diltiazem ointment in the treatment of 
chronic anal fissure, to assess recurrence rates and to 
determine whether recurrent fissures would be amenable to 
further chemical sphincterotomy. 


Patients and methods 


Outpatients with chronic anal fissure seen in Newbury and 
Reading Hospitals, UK, under the care of one colorectal 
surgeon between January 1999 and January 2000 were 
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studied prospectively. Patients with Crohn’s disease were 
excluded. 

Chronic anal fissure was considered to be present if the 
patient presented with a history of anal pain on defaecation 
for at least 2 months which had failed to resolve with stool 
softeners and simple topical agents. Examination typically 
revealed a fissure with fibres of the internal anal sphincter 
visible in the base, induration and/or a skin tag. 

Seventy-one consecutive patients (36 women) were 
treated with 2 per cent diltiazem gel (SLA Pharma, 
Watford, UK). Their median age was 39 (range 12- 
76) years. Conservative treatment consisting of stool soft- 
eners and topical anaesthetic creams from the general 
practitioner had failed previously in all patients. Six patients 
had failed to heal previously with topical GTN and one 
patient had not healed with oral nifedipine. Two other 
patients had recurrence of the fissure after lateral internal 
sphincterotomy. Fifty-eight patients had a posterior fissure, 
nine an anterior fissure and four patients had both an 
anterior and posterior fissure. One patient had a postpartum 
fissure. The median duration of symptoms before commen- 
cing treatment with diltiazem ointment was 4 (range 2— 
18) months. 

Patients were advised to massage approximately 2-5 cm of 
2 per cent diltiazem hydrochloride gel (approximately 8 mg 
diltiazem) from a standard delivery tube on to the perianal 
skin but not actually inside the anus, twice daily for 8 weeks. 
Patients were not prescribed stool softeners or topical 
analgesic creams for the duration of treatment. A high-fibre 
diet was encouraged. Healing was defined by resolution of 
symptoms (anal pain and bleeding) and the absence of a 
fissure on examination. 


Results 


Treatment outcomes are summarized in Fig. 1. Forty-seven 
(73 per cent) of 64 patients who attended the first review 
healed with topical diltiazem. Seven other patients did not 
attend the first review although four reported complete 
resolution of their symptoms at telephone interview. One 
patient was non-compliant and did not wish further 
treatment. A total of 51 (75 per cent) of 68 patients had 
therefore healed at first interview. 

Seventeen patients who did not heal initially were given 
the option of either a further course of diltiazem, topical 0-2 
per cent GTN ointment or lateral internal sphincterotomy. 
Of these 17 patients, 12 opted for a further course of topical 
diltiazem (range 4-8 weeks), of whom eight had healed at 
second review. 

In total, 59 of 66 patients treated with topical diltiazem 
healed after a median of 9 (range 2-16) weeks of treatment. 
‘Two patients did not heal with diltiazem because of non- 
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Fig.1 Outcome after treatment with 2 per cent topical diltiazem. 
GTN, glyceryl trinitrate 





compliance with treatment and one did not heal because of 
poor compliance as a result of allergic dermatitis. A total 
of four patients experienced perianal dermatitis. Three of 
these four patients nevertheless healed with topical 
diltiazem. One patient reported headaches with use of 
topical diltiazem. No other side-effects were reported. 

Four patients who failed to heal with diltiazem after an 
initial 8 weeks of treatment opted to be treated with topical 
GTN ointment; two healed and one patient elected to 
undergo surgical sphincterotomy without any further 
chemical sphincterotomy. 

A median follow-up of 32 (range 14-67) weeks is available 
for 41 of 59 patients who were treated successfully with 
diltiazem (Fig. 2). Twenty-seven of these 41 patients remain 
asymptomatic. Seven other patients have mild recurrent 
symptoms without recurrence of the fissure and seven Lave 
had a fissure recurrence. Of the seven with a definite 
recurrence, one patient opted to undergo lateral internal 
sphincterotomy, three have been treated successfully with 
topical GTN ointment and three have healed with further 
topical diltiazem. 

A reassessment of the clinical notes and information from 
the family doctors of the 18 patients who were not available 
for longer follow-up indicated that no further treatment had 
been sought. 
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Fig.2 Outcome after anal fissure recurrence. GTN, glyceryl 
trinitrate 


Chronic anal fissure may be treated by chemical or surgical 
sphincterotomy at present. Lateral sphincterotomy results 
in healing for up to 95 per cent of patients but there remains 
a significant risk of incontinence®”’. 

GTN remains the standard for chemical sphincterotomy 
against which other newer treatments have to be compared. 
Within controlled clinical trials, healing with GTN for 
chronic anal fissure has been achieved in 45-80 per cent of 
patients®®™!617. However, significant side-effects such as 
headache, tachyphylaxis and occasional loss of flatus control 
have been reported®**!®!7, A recent uncontrolled study 
additionally reported poor long-term outcome using GTN, 
with only 6 per cent of patients healed at 12 months’®. 

Research into any ‘new’ agent for chemical sphincter- 
otomy will therefore have to answer two questions, namely 
does it work and for how long does it last? Oral calcium 
channel blockers such as nifedipine and diltiazem have been 
shown to reduce mean resting anal pressure by between 21 
and 28 per cent of healthy volunteers'?"*. Additionally, 
healing of fissures has been reported with the use of oral 
nifedipine” and diltiazem”. Although changes in diastolic 
blood pressure are negligible when using oral calcium 
channel blockers, postural dizziness can occur. The 
principal side-effects of oral nifedipine or diltiazem are 
facial flushing and mild headache’*”?. 
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Topical diltiazem is associated with fewer side-effects, 
perhaps owing to minimal systemic absorption. Anal 
pressure was not measured in this study although a 
reduction in mean resting anal pressure of between 22 and 
28 per cent in healthy volunteers and in patients with 
chronic fissure has been demonstrated previously’?"*. 
Dose-response studies have reported that the concentra- 
tion of 2 per cent is capable of reducing anal pressure 
without causing significant side-effects". 

A healing rate of 67 per cent at 2-3 months is similar to 
that in the more favourable reports on topical GTN but 


` without the troublesome side-effects. A second 8-week 


course of treatment for those who had not completely 
healed after the first course resulted in resolution of 
symptoms in 59 of 66 patients (89 per cent). Non- 
compliance was uncommon; only four patients (6 per cent) 
discontinued treatment, one because of perianal dermatitis. 

The follow-up available after successful treatment with 
diltiazem ointment is short and therefore no long-term 
conclusions can be drawn. One of the drawbacks of 
chemical sphincterotomy with GTN has been the high 
fissure recurrence rate. In the present study, after a median 
of 32weeks of follow-up, 27 of 41 patients reported 
themselves to be symptom free. Longer follow-up will 
nevertheless be required. All but one of the patients with a 
recurrence were treated successfully by further chemical 
sphincterotomy. 

In conclusion, topical 2 per cent diltiazem appears to bea 
well tolerated method of chemical sphincterotomy for 
chronic anal fissure. Prospective randomized trials are 
required to evaluate it in comparison to topical GIN. 
Long-term follow-up is also needed to assess the risk of 
recurrent fissure after initial healing with diltiazem. 
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Background: In papillary thyroid carcinoma (PTC), presence of the oncogenes RET/PTC has been 
described, but their correlation with prognosis is debated. The aim of this study was to investigate the 
expression of the RET proto-oncogene (RET) and correlate it with clinical outcome. 

Methods: Sixty-one PTCs were analysed for expression of RET and the oncogenes RET/PTC1-4 by 
polymerase chain reaction of complementary DNA. 

Results: Twenty-nine PTCs (48 per cent) expressed the RET tyrosine kinase domain (RET-TK). 
‘Twelve expressed wild-type RET (WT-RET). One tumour expressed RET/PTC3, one a variant of RET/ 
PTC3, and one RET/PTC1 and WT-RET simultaneously. The remaining 14 expressed RET-TK only. 
WT-RET expression was detected more frequently in poorly differentiated PTCs (P<0-05) and in 
PTCs from patients with aggressive disease (P< 0-01). WI-RET expression remained an independently 
significant risk factor for aggressive disease when analysed together with other recognized risk factors 
using a stepwise multiple logistic regression model. 

Conctusion: Almost half of the PT'Cs showed RET-TK expression; in only three was this explained by 
expression of a RET/PTC rearrangement. Instead, expression of WT-RET was detected in 45 per cent of 
the RET-TK-positive tumours and this expression was an independently significant risk factor for 


aggressive PTC. 


Presented ın abstract form to the Millennium Meeting of Endocrine Surgeons held by the American Association of 
Endocrine Surgeons, British Association of Endocrine Surgeons and Swedish Association of Endocrine Surgeons, 
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Introduction frequent finding oflocal lymph node involvement atthe time 


Papillary thyroid carcinoma (PTC) is the most common 
form of thyroid malignancy. The prognosis is usually 
excellent with long-term survival rates of more than 90 per 
cent’. However, some tumours behave more aggressively 
with recurrences and distant metastases. Several prognostic 
scoring systems (Tumour Node Metastasis, AMES, AGES, 
MACTIS)are currently used to try to predict the prognosis”. 
Poor prognosis usually refers to patients aged 40 years or 
more at the time of diagnosis, local invasiveness and the 
presence of distant metastases’. In addition, the tall cell 
variant of PTC has been claimed to be more aggressive’. The 
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of diagnosis is not associated with a poorer prognosis. In 
spite of the application of prognostic scoring systems, the 
behaviour of a PTC cannot always be anticipated from its 
initial clinical features. There is a need to develop additional 
diagnostic and prognostic markers for preoperative identi- 
fication of patients with a less favourable prognosis. 

The pathogenesis of PTC is associated with previous 
exposure to ionizing radiation’ and, in addition, a familial 
component is evident in approximately 6 per cent of cases?. 
Several genes have been implicated in the molecular 
carcinogenesis of PTC, including TP53, p21, met, trk and 
ras”'°. The most commonly described genetic changes in 
PTCs are the rearrangements of the RET proto-oncogene 
(RET), found exclusively in PTC!’, and designated the 
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RET/PTC oncogenes. The wild-type of RET (WT-RET) 
induces PTC-like tumours in transgenic mice when 
expressed constitutionally as the oncogene RET/PTC", 
RET encodes a cell membrane-bound receptor tyrosine 
kirase and the RET/PTC oncogenes arise as a result of the 
fusion of the RET tyrosine kinase domain (RET-TK) with 
different unrelated 5’ sequences'*. Three main forms of 
rearrangement have been described to date. In RET/PTC1 
and RET/PTC3 the tyrosine kinase domain fuses with the 
genes H4 and ELEI respectively'*'*. RET/PTC2 arises 
from a chromosome 10/17 translocation’. Other 
rearrangements have been described in a few cases! ™! 
(Fig. 1). 

The reported prevalence of RET/PTC expression in PTC 
var:es considerably, from 5 to 84 per cent”? °°. Although 
RET/PTC rearrangements may not be present, around 40- 
70 per cent of PTCs still express RET-TK? 1, Follicular 
thyroid cells do not normally express RET’, but expression 
of WT-RET was recently detected in PT'C**. The clinical 
relevance of RET/PTC expression in PTCs is debated?*~ 
763435 and, so far, no correlation between expression of 
RET-TK or WT-RET and clinical variables has been 
established’?! 


In the present study 61 PTCs were evaluated for 
expression of RET-TK, the common specific rearrange- 
ments RET/PTCI-4 and for WT-RET. The genetic 
findings were then compared with the patients’ clinical 
outcome and with individual clinical and histopathological 
variables. 


Patients and methods 


Patients and tumours 


Sixty-one PTCs from 61 adult patients were divided into 
four groups. Group 1 included patients who died from the 
disease, patients with persistent disease in spite of therapy, 
and patients with distant metastases that were either present 
at diagnosis or developed during the course of the disease. 
These patients were classified as having aggressive PTC 
disease. Group 2 included patients with lymph node 
involvement and group 3 included patients without signs 
of lymph node metastases at the time of operation. The 
patients in these two groups showed no signs of recurrence 
or distant spread during follow-up. Group 4 included 
patients with lymph node involvement but who also had one 
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Fig. 1 Schematic representation of the 21 exons encoding the RET proto-oncogene (second from top) and its relationship to the ret 
protein (top). Different regions of the ret protein (EC, extracellular part; TM, transmembrane domain; TK1 and 2, tyrosine kinase 
domains) are pictured in relation to their encoding exons. The carboxy tail (T) consists of either intron 19 or exons 20 or 21 owing to 
alternative splicing. The different RET/PTC oncogenes (RET/PTC1-8) are illustrated schematically at their gene level. Foreign 
sequences included in these oncogenes are illustrated and named in the left boxes. A breakpoint occurs between exons 11 and 12 and 
the right boxes (shaded) show the tyrosine kinase domain of the RET proto-oncogene. The ELE! gene is involved in both RET/PTC3 
and RET/PTC4 and in some splice variants of these oncogenes. The HTIF] and HTIF I-related protein genes are involved in RET/PTC6 
and RET/PTC7 respectively. The question mark indicates possible uncharacterized sequences that may fuse to the tyrosine kinase 


domain of RET resulting in new rearrangements 
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local recurrence. The recurrences were treated successfully 
and the patients had no signs of distant spread or further 
recurrence thereafter (Table 1). 

In addition, 30 randomly selected patients with follicular 
thyroid tumours, five carcinomas (FTC) and 25 adenomas 
(FTA) were included in the study as a reference group. A 
medullary thyroid tumour was used as a positive control for 
RET expression. A PTC cell line, TPC-1, containing the 
RET/PTC1 rearrangement, together with the cloned 
vectors containing RET/PTC2 and RET/PTC3 comple- 
mentary DNA (cDNA) were used as positive controls for 
the expression of the different rearrangements. 

The tumours were snap frozen in liquid nitrogen at the 
time of thyroidectomy and stored at - 70°C. The diagnosis 
of PTC, FTC and FTA was based on the World Health 
Organization classification? and the criteria for poor 
differentiation were those described by the Armed Forces 
Institute of Pathology*’. The MACIS prognostic score’ was 
calculated for each patient: less than 7, 20-year specific 
survival 89 per cent or greater; 7 or more, 20-year specific 
survival 56 per cent or less. Recurrent disease was defined as 


Table 1 Clinical variables and histopathological data on 61 
patients with papillary thyroid carcinoma analysed for RET 
expression 





*Reference 5. DFD, dead from disease; DWD, dead from intercurrent 

disease, but with signs of PTC; AWD, alive with disease; Alive, alive with 
no signs of PTC or dead from intercurrent disease but with no signs of 
PTC; tpatients with one local recurrence but after treatment alive with no 
signs of distant spread or dead from intercurrent disease but with no signs 


of PTC 
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reoccurrence of PTC in patients in whom 





postoperative iodine scan and thyroglobulin me 





i 
had been negative. Patients who were alive with c 
intercurrent bat with PTC 


considered to have persistent disease. 


died from disease 


Methods 


Total RNA was extracted using the Ultracspec-]] RNA 
isolation system (Biotecx Laboratories, Houston, Texas, 
USA). cDNA was synthesized from the RNA by reverse 
transcription performed at 37°C with random hexanucleo- 
tide primers, using the First-strand cDNA Synthesis Kit 
(Amersham Pharmacia Biotech, Uppsaia, Sweden). PCR 
was performed using | ug of CDNA from each tumour as a 
template. Initial denaturation at 95°C for Smin was 
followed by 40 cycles of denaturation at 94°C for } min, 
annealing at 55-63°C for | min and extension at 72°C tor 
1 min, and then completed with a final clongation at 72° 
for 10 min. Polymerase chain reaction (PCR) using primers 
for the RET-TK domain (in exons 12 and 13, andin exons 18 
and 17), and primers for the specific rearrangements RET” 
PTC1~4, was performed on all PTCs. PER with prin 
exons 11 and 13, spanning the regular breakpoint for the 





ers in 





RET/PTC rearrangements, was also performed on all PCs. 
In eight tumours, which expressed exons 11-13, and in one 
tumour negative for expression of exons 11-13, the PCR 
was extended with primers in exons 6 and 8, located in the 
extracellular part of RET. In addition, PCR usi 
for RET-TK was performed on the five FTCs ar 
Negative controls, with no cDNA, were includes 
reactions. Integrity of the cDNA was confirmed in all 


samples using primers for either GAPDH or [--pricroglobu- 


ng primers 












we 


i 
specimens, screening for calcitonin messenger RN: 
(mRNA) expression was performed im all samples. 
(Information on primer sequences is available 
request.) 

The specificity of the PCR products was confirmed by 
restriction enzyme digestion using Bel- 1 (exons 15417 and 
Taq-\ (exons 12-13 and 11-13) All samples with PCR 
products indicating the presence of a RET rearrangement 
were sequenced with an automated sequencer (ABI Prism 
model 377; Perkin Elmer, Foster City, California, USA). 


Statistical analysis 


x” and Fisher’s exact tests (SPSS for Windows; SPSS, 


Chicago, Illinois, USA) were used to correlate clinical 


variables (age 40 years or more, lymph node involvement, 
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cell variant of PTC) with expression of the various RET/ 
PTC rearrangements, the expression of RET-TK, and the 
expression of RET-TK exons together with exons upstream 
of the regular breakpoint for the rearrangements. 

The association between aggressive disease and the 
expression of RET-TK exons 11-13 obtained from the 
above analysis was then put into a stepwise multiple logistic 
regression model to determine whether or not this was an 
independently significant risk factor”®. 


Results 


Patients and clinical outcome 


Fourteen of the 61 patients with PTC included in this study 
were considered to have an aggressive disease and were 
included in group 1. Ten of these patients had distant 
metastases that were either located in the lung (six patients), 
in the skeleton (two), in both lung and skeleton (one) or in 
the abdomen (one). Of the remaining four patients, two died 
from a locally aggressive PTC and one had persisting local 
PTC for 6years but died from intercurrent disease. One 
patient is still alive after 6years with locally recurrent 
tumour, in spite of repeated therapy with surgery and 
external irradiation. 

‘Thirty-eight patients showed no signs of distant spread or 
recurrent disease during follow-up. Of these, 24 patients 
presented with local lymph node spread (group 2) while 14 
had no signs of lymph node involvement at the time of 
operation (group 3). Nine patients had local lymph node 
involvement and also developed one local recurrence at a 
median time of 6 years after the first operation (group 4). 
The recurrences were all treated successfully and the 
patients were alive at the time of writing with no signs of 
PTC. Of the 61 patients investigated, eight had the tall cell 
variant of PTC and seven tumours were classified as poorly 
differentiated. Data are summarized in Table 1. 


Table2 Results of RET expression analysis in 61 patients 
operated on for papillary thyroid carcinoma and grouped 
according to clinical outcome 


Total 





RET-TK, RET tyrosine kinase domain; WT-RET, wild-type RET; 
RET/PTC, any of the oncogenes RET/PTC1-4. *One patient expressed 
WT-RET and RET/PTC1 simultaneously; tRET/PTC3 variant!’; tone 
RET/PTCI and one RET/PTC3 
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Expression of RET and RET/PTC1-4 


RET-TK mRNA expression was detected in 29 of the 61 
PTCs (Table 2), when primers in exons 15 and 17, and in 
exons 12 and 13, were used. In 13 of the PT'Cs RET-TK 
expression was found together with expression of exons 1 1- 
13, located on both sides of the regular breakpoint for RET/ 
PTC rearrangements (Fig. 2). Eight of the nine tumours 
tested for expression of exons 6-8 were positive, all of which 
were also positive for exons 11~13. The ninth, negative for 
exons 6-8, was also negative for exons 11-13. 

Three RET/PTC rearrangements were found in the 29 
tumours expressing RET-TK: one RET/PTC1, one RET/ 
PTC3, and one a rare variant of RET/PTC3, described 
previously only in three patients from Belarus’’. The 
rearrangements were confirmed by sequencing the PCR 
product. No tumours contained the RET/PTC2 or RET/ 
PTC4 rearrangement. In the RET/PTC1-positive tumour, 
expression of RET-TK, together with exons upstream of the 
regular breakpoint for the rearrangements, was detected 
simultaneously. Altogether, 14 tumours expressed RET-TK 
but not exons 11-13 or RET/PTC 1-4. No tumour expressed 
calcitonin mRNA. RET-TK expression could not be 
detected in any FTC or FTA. 


Correlation between clinical data, histopathological 
variables and RET expression 


The number of patients expressing RET-TK together with 
exons upstream of the regular breakpoint for the rearrange- 


M 1 


2 34 5 6 7 


+ 328bp 
+ 155bp 





Fig.2 Polymerase chain reaction products on an agarose gel. 
Lanes | and 2 show a tumour that is positive for RET tyrosine 
kinase (RET-TK) exons 15-17 (also for exons 12~13, not shown) 
and exons 11~13 (upstream of the regular breakpoint for the 
rearrangements), thus expressing wild-type RET. Lanes 3 and 4 
show a tumour that is positive for RET-TK exons 15-17 (also for 
exons 12~13, not shown), but not for exons 11-13, and is also 
negative for RET/PTC]—4 (not shown), so may contain an 
unidentified rearrangement. The expected product sizes are 

155 bp for exons 15-17 and 328 bp for exons 11-13, shown by 
the positive controls (using complementary DNA from a 
medullary thyroid carcinoma) in lanes 6 and 7 respectively. Lane 
5 is a negative control. The molecular marker in lane M contains 
5 mg of 123-bp DNA ladder 
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ments was significantly increased in group 1 (seven of 14 
versus six of 47; P<0-01). Furthermore, poorly differen- 
tiated tumours more frequently expressed RET-TK to- 
gether with exons upstream of the regular breakpoint for the 
rearrangements than well differentiated tumours (four of 
seven versus nine of 54; P< 0-05). When analysed together 
with other recognized risk factors for aggressive disease (age 
40 years or more, tumour size greater than 40 mm, poor 
differentiation, infiltrative growth, tall cell variant of PTC) 
using a stepwise multiple logistic regression model, 
expression of RET-TK together with exons upstream of 
the regular breakpoint for the rearrangements was found to 
be an independently significant risk factor for aggressive 
disease (P=0-042; odds ratio (OR) 5-5 (95 per cent 
confidence interval 1-0-30-3)). In this analysis poor 
differentiation (P= 0-004, OR 9.1 (1-1-75.6)) and tumour 
size greater than 40 mm (P=0-002; OR 9-9 (1-9-50-4)) were 
also independently significant risk factors for aggressive 
disease. The difference in WT-RET expression between 
patients with a MACIS score of 7 or more, or less than 7 
(seven of 18 versus six of 43) was significant (P = 0-04). 

RET-TXK expression, regardless of mechanism, was found 
in ten of 14 tumours from patients with aggressive disease 
(group 1), compared with 19 of 47 tumours from patients in 
groups 2—4 (P=0-06). Seven of ten tumours from patients 
with distant metastases showed RET-TK expression, 
compared with 22 of 51 tumours from those without distant 
metastases. Sixteen of 33 tumours from patients with local 
lymph node spread (groups 2 and 4) expressed RET-TK, 
compared with three of 14 tumours from those without 
signs of lymph node involvement (group 3). Neither of these 
two differences was significant. No RET expression could be 
correlated with recurrent disease, extrathyroidal growth or 
the tall cell variant of PTC. No correlation could be 
established between any of the RET/PTC rearrangements 
and the above-mentioned variables. 


Discussion 


Expression of the RET proto-oncogene is normally 
restricted to cells of neural crest origin. In thyroid follicular 
cells RET can be activated by chromosomal rearrange- 
ments. In the rearrangements RET-TK fuses with different 
unrelated genes, which are normally expressed in thyroid 
follicular cells, resulting in the oncogenes RET/PTC. This 
leads to constitutive activation of RET-TK function. In all 
known rearrangements the genetic breakpoint is located in 
intron 11 of RET, so RET-TKX is involved in all rearrange- 
ments?” (Fig. 1). 

In this study, almost half of the tumours expressed RET- 
TK, which was due to a known RET/PTC rearrangement in 
three cases only. This discrepancy, also reported by 
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others’”’?, has at least four possible explanations: the 
presence of still uncharacterized rearrangements, expres- 
sion of WI-RET, illegitimate mRNA transcription and 
‘contamination’ of C-cells in the tumour tissue. 

The 14 tumours expressing RET-TK but no exons 
upstream of the regular breakpoint for the rearrangements, 
could contain notyet identified rearrangements. The role of 
chromosomal rearrangements in tumorigenesis is well 
established, especially in haematopoietic malignancies, 
but why two genes from remote chromosomal loci are 
joined together is still not clear. Different tumour- 
promoting factors might cause many DNA strand breaks 
but only those that provide the cell with a growth advantage 
will show up in a tumour. The growing collection of RET 
rearrangements in PTC}?! suggests that several more 
different rearrangements may be expected. 

The tumours expressing RET-TK together with up- 
stream mRNA most probably express full-length WT-RET. 
Detection of WI-RET mRNA as well as staining of ret 
protein located to the cell membrane (rearranged ret is 
cytoplasmic) was recently described in PTC”. This 
suggests a role for WI-RET in PTC formation. 
Overexpression of WI-RET could be due to gene 
amplification, but preliminary data show no copy number 
alterations on chromosome 10q using comparative genomic 
hybridization (P. Kjellman, S. Lagercrantz, A. Hoog, 
G. Wallin, C. Larsson, J. Zedenius, unpublished results). 
It could also be due to activating point mutations in the gene 
or in its promoter. 

If the RET expression was due to illegitimate transcrip- 
tion one would expect detection of RET mRNA in a larger 
number of samples. For instance, no FTC or FTA showed 
any sign of RET expression. The detection of RET-TK was 
not due to the presence of C-cells in the tumour samples as 
screening for expression of calcitonin was negative in all 
samples. 

Only three (5 per cent) of 61 tumours contained a known 
RET/PTC rearrangement, which is less than that in some 
reports’**®?° but similar to others???>??, The variant of 
RET/PTC3 found in one of these patients has been 
described previously only in three patients from Belarus!’ 
with a history of radiation. The patient harbouring this 
rearrangement had no history of radiation. At age 27 years 
the patient was diagnosed with PTC infiltrating surround- 
ing tissue together with lung metastases. The patient still 
had signs of active disease at 8 years’ follow-up. The fact that 
one tumour showed simultaneous WI-RET and RET/ 
PTC] expression probably reflects subclonal growth within 
a tumour. 

RET/PIC rearrangements have been associated with 
young age and previous exposure to ionizing radiation’, but 
the correlation with clinical outcome is controversial. Some 
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have found RET/PTC expression more often in patients 
with small, well differentiated and clinically indolent 
tumours?*"°, while others suggest a correlation between 
RET/PTC expression and metastatic’””***° or locally 
invasive®” PTC. It was not possible to correlate any clinical 
or histopathological variables to any of the RET/PTC 
rearrangements as they were too few. However, one of the 
three patients with a RET/PIC rearrangement had dis- 
seminated disease with lung metastases, indicating that 
RET/PIC rearrangements are not restricted to clinically 
indolent tumours. 

WT-RET was expressed more often in tumours from 
patients with a less favourable clinical outcome (group 1) 
and in poorly differentiated tumours. Whether this WT- 
RET expression is part of a stepwise progression towards a 
more aggressive PTC, or results from the dedifferentiation 
process per se is not clear. Still, WI-RET expression 
remained a significant risk factor for aggressive disease 
independently of tumour differentiation. The association 
between MACIS prognostic score (describing mortality 
rate only) and WT-RET expression was also significant 
(P= 0-04). This suggests that clinical and genetic prognostic 
markers may be complementary. 

Aggressive PTCs showed a tendency to express more 
RET-TX than other PTCs, although this was not significant 
(P=0-06). RET expression was not more frequent in the tall 
cell variant of PTC, which has been stated to be more 
aggressive. In fact, the tall cell variant of PTC was not over- 
represented in patients with poor clinical outcome. 

WT-RET expression was found to be an independently 
significant risk factor for aggressive PTC disease. It is too 
early to include RET expression as a prognostic marker in 
the clinical context, but if the correlation between RET 
expression and a less favourable outcome holds true in 
larger samples, it could be used as an additional marker to 
identify patients with PTC who could benefit from more 
extensive treatment. 
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Background: A stepwise progression through premalignant stages has been identified for the intestinal 
type of gastric carcinoma. As gastrin has been identified as a growth factor for the intestinal type of 
gastric adenocarcinoma, the aim of this study was to investigate whether gastrin is expressed in 
premalignant gastric conditions. 

Methods: Ninety archival samples of atrophic gastritis, intestinal metaplasia, mild gastric epithelial 
dysplasia, moderate gastric epithelial dysplasia, severe gastric epithelial dysplasia and intestinal-type 
gastric adenocarcinoma were obtained. Immunocytochemistry was performed using antibodies directed 
against gastrin and its post-translational precursors, and the gastrin/cholecystokinin B receptor. 
Positive staining was identified using the avidin-biotin immunoperoxidase method and quantified using 
Results: Gastrin and its receptor were shown to be expressed in specimens of atrophic gastritis, 


intestinal metaplasia, epithelial dysplasia and the intestinal type of gastric carcinoma. 
Conclusion: Gastrin seems to be an important growth factor in gastric carcinogenesis. 
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Introduction 


Gastric cancer is the second most frequent cause of cancer 
death in both sexes worldwide, with a total number of 
deaths per year of 628000’. To improve diagnosis and 
treatment, and reduce the number of deaths, a better 
understanding of the pathogenesis and biology of the 
disease is required”. Histogenetically, gastric cancers have 
been classified into two histological types by Lauren: diffuse 
and intestinal’. For the intestinal type of gastric carcinoma a 
stepwise process of carcinogenesis has been proposed by 
Correa‘. Itis hypothesized that prolonged Helscobacter pylori 
infection leads to atrophic gastritis. Further mutational 
events lead to the development of intestinal metaplasia, 
epithelial dysplasia and finally carcinoma. For diffuse-type 
gastric carcinoma no such precursor lesions have been 
identified and H. pylori infection is not implicated in its 
aetiology. 

Gastrin is a peptide hormone produced by the G cells of 
the gastric antrum’. It has several physiological functions. It 
is the principal hormonal stimulant of gastric acid secre- 
tion® and also a growth factor for parietal, enterochromaffin 
and mucous cells of the gastric epithelium’*. These 
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physiological actions are mediated via its receptor, the 
gastrin/cholecystokinin B (CCKB) receptor. 

As well as being a growth factor for normal gastric 
epithelium, gastrin is now accepted as a trophic factor for 
gastric adenocarcinoma. The gastrin gene is activated in 
gastric adenocarcinoma cells!*!', which leads to the 
production of mature amidated gastrin and the immature 
forms progastrin and glycine-extended gastrin. All of these 
species have a proliferative effect!?-'®. 

Expression of gastrin by gastric premalignant lesions and 
its role in the progression to malignancy is unknown. The 
aim of this study was to identify whether gastric premalig- 
nant lesions express gastrin and the CCKB receptor. Their 
expression may suggest the presence of a functional 
autocrine pathway. 


Materials and methods 


Formalin-fixed samples of normal gastric fundus and 
antrum, atrophic gastritis, intestinal metaplasia, mild, 
moderate and severe epithelial dysplasia, and intestinal- 
type gastric adenocarcinoma were obtained from the 
pathology archives (n=15 per condition). These were 
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grouped using the revised Sydney classification by a 
consultant histopathologist. 

Normal gastric antrum and fundus mucosae were used as 
positive controls for gastrin expression (in G cells) and 
gastrin/CCKB receptor expression (in entero-chromaffin- 
like and parietal cells). 

Paraffin-embedded sections (41m) were placed on 2 per 
cent 3-aminopropyltriethoxysilane-coated slides; four 
sections of each specimen were cut. The sections were 
deparaffinized in xylene and rehydrated in alcohol. 
Endogenous peroxidase activity was quenched by a 15-min 
incubation in 10 per cent hydroperoxide in methanol, 
followed by two further alcohol washes and a 1-min soak in 
running water. The sections were then blocked with swine 
serum (DakoPatts, Cambridge, UK) ata dilution of 1 : 5 for 
30 min atroom temperature. The excess serum was removed 
and a single section of each specimen was incubated for 
60 min with one of the following rabbit antibodies diluted 
1:400: antiamidated gastrin-17, antiglycine-extended 
gastrin-17 or antiprogastrin antiserum (at a final protein 
concentration of 2ug/ml; provided by Dr A. Varro, 
University of Liverpool, Liverpool, UK). For all the above 
antisera, normal rabbit serum was used as a negative control. 
Gastrin receptor peptide (GRE) 1 antiserum (directed 
against the amino-terminal domain of the human gastrin/ 
CCKB receptor) was used ata final protein concentration of 
2 ug/ml with and without preabsorption with the GRE-1 
peptide (Aphton Corporation, Woodland, California, 
USA)”. Excess primary antibody was removed by two 5- 
min soaks in phosphate-buffered saline (PBS; pH 7-2). The 
sections were then incubated with the secondary antibody at 
room temperature (biotinylated swine antirabbit immuno- 
globulin diluted 1:400; DakoPatts) for 60 min. Following 
two further washes in PBS, horseradish peroxidase-con- 
jugated avidin antibody (DakoPatts) was applied for 30 min. 
Peroxidase activity was identified by applying 3 ,3’-diamino- 
benzidine tetrachloride (Sigma, Poole, UK) for 10 min at 
room temperature, after two PBS washes. The sections were 
rinsed in water, soaked in 0-5 per cent copper sulphate and 
counterstained with haematoxylin. Finally the sections were 
dehydrated in alcohol, cleared in xylene and mounted with 
coverslips. 

Positive controls included gastric antrum for the gastrin 
antisera and fundus for the GRE-1 antiserum. The slides 
were assessed using the Leica QWS500IW image analysis 
system and Qwin standard software (Leica Imaging 
Systems, Cambridge, UK). This calculates the percentage 
positive staining of a tissue section by expressing the area of 
positive staining as a percentage of the whole tissue area. 
Ten fields in each section were analysed and a percentage 
positivity of staining was obtained by calculating the median 
of the ten fields. 


©2001 Blackwell Science Ltd 


Statistical analysis 


Statistical analysis of increasing protein expression of 
progastrin, glycine-extended gastrin, amidated gastrin and 
the CCKB receptor was achieved with the Jonckheere 

Terpstra non-parametric test, using SPSS 9.0 for windows 
(SPSS®, Chicago, Illinois, USA). P<0-05 was considered 
significant. 


The gastric antrum (Fig. 1) showed expression of all the 
gastrin species in the cytoplasm of the G cells. No 
expression of the CCKB receptor was evident, as expected 
In the normal fundus (Fig. 2), there was no expression of the 





Fig.1 Progastrin immunoreactivity in G cells of the gastric 
antrum (haemotoxylin-eosin counterstain, original 
magnification X 10) 





Fig.2 Cholecystokinin B receptor immunoreactivity in parietal 
and entero-chromaffin-like cells of the gastric fundus 
(haemotoxylin-cosin counterstain, original magnification < 20) 
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Table1 Gastrin and cholecystokinin B receptor expression by premalignant and malignant gastric lesions 


Median percentage positive staining 

CCKB Glycine-extended Amidated 

receptor Progastrin gastrin gastrin 
Atrophic gastritis 467 3-96 4.04 
Intestinal metaplasia 8-48 10-55 10-18 
Mild dysplasia 10-28 11-71 14.37 
Moderate dysplasia 12:13 10-78 13-17 14.66 
Severe dysplasia 29-23 24.28 32-47 34.27 
Gastric adenocarcinoma 33-62 33-68 34-92 38-37 


Fifteen samples per condition were analysed. Percentage positive staining =area of positive staining/total tissue area X 100. CCKB, cholecystokinin B 





Fig.3 Amidated gastrin immunoreactivity in a representative 
sample of gastric intestinal metaplasia (haemotoxylin-eosin 
counterstain, original magnification X 20) 





Fig.4 Amidated gastrin immunoreactivity in a representative 
sample of intestinal-type gastric cancer (haemotoxylin-cosin 
counterstain, original magnification 10) 
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Fig.5 Progastrin expression by gastric malignant and 
premalignant lesions. z= 8-954, P < 0-0001 Jonckheere-Terpstra 
test) 


gastrin species, but the CCKB receptor was observed on 
ECL and parietal cells as predominantly nuclear staining. 
Table 1 displays the median percentage positive staining 
results. All 15 specimens of each lesion showed positive 
staining for progastrin, glycine-extended gastrin, amidated 
gastrin and the CCKB receptor. Fig. 3 shows a represent- 
ative field from a gastric intestinal metaplasia specimen and 
Fig. 4 shows a representative intestinal-type gastric cancer, 
both stained for amidated gastrin. Increasing progastrin 
expression (median positive staining increased from 5-36 to 
33-68 per cent) (Fig. 5) was seen along the pathway from 
antral gastritis to gastric adenocarcinoma (z= 8-954, 
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P<0-0001). The same pattern was seen for glycine- 
extended gastrin (median positive staining increased from 
3.96 to 34.92 per cent) (2=9-734, P<0-0001) and for 
amidated gastrin (median positive staining increased from 
4.04 to 38-37 per cent) (z = 10-473, P<0-0001). Expression 
of the CCKB receptor (median positive staining increased 
from 4-67 to 33-62 per cent) followed an identical pattern 
and there was a highly significant (z= 10-199, P<0-0001) 
increase in expression from atrophic gastritis to gastric 
adenocarcinoma. 

Staining intensity for the CCKB receptor was greatest at 
the nucleus. This is a result of rapid internalization and 
translocation following ligand binding to the receptor!®!”. 


Discussion 


The association between gastrin and gastric cancer is well 
established. The gastrin gene has been shown to be 
activated in human gastric cancer cells'®, and stimulates 
the growth of gastric cancer cell lines in vitro?™??, in 
primary human gastric tumour tissue?””? and in in vive 
xenograft models’®”*”°, The precursor, glycine-extended 
gastrin-17, also stimulates the growth of gastric carcino- 
mas”°, The exact role of gastrin in the development of 
gastric cancer has yet to be determined. 

The results of the present study demonstrate that gastrin 
and the CCKB receptor are activated early in the progres- 
sion to the intestinal type of gastric cancer. Along this 
cascade it can be seen that there is increased expression of 
different gastrin species and the CCKB receptor. Progastrin 
is expressed at a lower level than the other gastrin species; 
this indicates either constitutive secretion or that progastrin 
processing occurs by intact post-translational mechanisms. 

Mature and precursor gastrin forms have been shown to 
have a proliferative action in various malignancies!?~"°. 
This proliferative action can be mediated via autocrine or 
paracrine pathways”’?*. For these pathways to exist a cell 
must expel both the growth factor and an appropriate 
receptor. These results demonstrate that the components of 
the gastrin autocrine pathway are present and may be acting 
in premalignant gastric lesions. Increased expression of 
gastrin and the CCKB receptor is seen in tissue with greater 
malignant potential, perhaps implying that the autocrine 
pathway becomes more important. 

Gastrin can not only directly influence the growth of the 
gastric epithelium but it has also been shown to increase the 
expression of other members of the epidermal growth factor 
family implicated in gastric carcinogenesis. It has been 
shown to stimulate the production of transforming growth 
factor æ, amphiregulin, heparin-binding epidermal growth 
factor and regenerating protein, and can be coamplified 
with c-erbB2?°?° 33, Thus once the gastrin gene is activated 


© 2001 Blackwell Science Ltd 


in premalignant gastric epithelium it can interact with 
numerous other growth factors, possibly leading to the 
progression to malignancy. 

What activates the gastrin gene in gastric premalignant 
lesions is unclear. However, it has been shown that K-ras 
induces gastrin gene expression in colon cancer cells**. It is 
possible therefore that once an area of atrophic epithelium 
acquires a K-ras mutation, the gastrin gene will be activated. 

Atrophic gastritis, intestinal metaplasia and epithelial 
dysplasia are accepted precursors of the intestinal type of 
gastric adenocarcinoma. However, the detection of these 
lesions in patients at gastroscopy is operator dependent and 
the full clinical significance of these lesions in areas of low 
incidence such as the UK remains to be identified. With 
increased understanding of the factors involved in the 
progression to malignancy, identification of lesions that 
require more close surveillance or excision may become 
possible. 
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Background: After Nissen fundoplication, troublesome dysphagia develops in 5-10 per cent of patients. 
The mechanism of dysphagia has not been fully resolved, in spite of a number of studies focusing on 
oesophageal motility and lower oesophageal sphincter (LOS) dynamics. Tightness and length of the 
wrap have had considerable attention, without giving a fully satisfactory explanation of the 
pathophysiological mechanism. 

Methods: Eighteen patients with persistent dysphagia after Nissen fundoplication needing reoperation 
were studied. Eighteen patients, matched for age and sex, without dysphagia after Nissen fundoplication 
were used as controls. Reoperation consisted of conversion of a 360° into a 270° wrap. Barium swallow, 
endoscopy, oesophageal manometry and 24-h pH monitoring were performed before and after 
(re)operation. 

Results: Peristaltic amplitude, velocity and duration of contraction were not significantly influenced by 
operation. In 16 of 18 patients with dysphagia, LOS relaxation was incomplete and the residual 
relaxation pressure was significantly higher than that in the group without dysphagia (P<0-01). No 
correlation was found between LOS pressure and peristaltic amplitude, nor between LOS pressure and 
ramp pressure in the distal oesophagus. After reoperation, basal LOS pressure decreased significantly 
(P<0-01) and LOS relaxation was complete im all but three patients; residual relaxation pressure 
decreased (P< 0-01) and was significantly lower than that after uncomplicated Nissen fundoplication. In 
the latter group, LOS pressure, residual relaxation pressure and ramp pressure increased significantly 
after operation (P< 0-01). 

Conclusion: A return to complete LOS relaxation and a decrease in residual relaxation pressure play an 


important role in resolving dysphagia. 
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Introduction 


Antireflux surgery has proved to be an effective treatment 
for gastro-oesophageal reflux disease (GORD). Studies 
with follow-up of more than 10 years have shown that long- 
term success rates of 80-90 per cent can be obtained’. 
However, in 10-20 per cent of patients reflux-related 
symptoms persist or new symptoms, such as persistent 
dysphagia, inability to belch or vomit, fullness and bloating, 
appear”. Persistent dysphagia occurs in 0-17 per cent of 
patients after open Nissen fundoplication; the incidence 
after laparoscopic surgery seems to be even higher and 
ranges from 7 to 30 per cent”®. The mechanism of 
dysphagia following antireflux surgery still remains unclear 
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which makes it impossible to predict which patients are at 
risk™!?, Research has focused on the length and tightness of 
the fundoplication!*”’, and on function of the oesophageal 
body'*?!. Less attention has been paid to the more subtle 
dynamics of the lower oesophageal sphincter (LOS) in 
patients with dysphagia after Nissen fundoplication and the 
interaction with oesophageal body motor function. 

In this report a group of patients with severe dysphagia 
after Nissen fundoplication needing reoperation is de- 
scribed. The effect of reoperation by the Belsey Mark IV 
procedure on symptoms, LOS and oesophageal moulity, 
which might provide an explanation for the mechanism of 
dysphagia, is presented. A group of patients, matched for 
age and sex, without dysphagia after Nissen fundoplication 
has been studied for comparison. 
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Patients and methods 


Between 1982 and 1997, 18 patients were reoperated 
because of persistent dysphagia after Nissen fundoplication. 
Dysphagia was considered persistent if it lasted for more 
than 3 months, resulted in weight loss of more than § kg and 
did not respond to dilatation of the oesophagogastric 
junction. 

All patients were reoperated by means of the Belsey Mark 
IV procedure: a 270° fundoplication with creation of a 
posterior buttress of the right crus through a left-sided 
thoracotomy in the sixth intercostal space’? The same 
surgical team performed all procedures. Most patients hada 
preoperative and postoperative barium swallow to image 
the position of the fundoplication. All patients had 
endoscopy, oesophageal manometry and 24-h pH monitor- 
ing, before and 3months after the Belsey Mark IV 
procedure. 

The manometric characteristics before and after re- 
operation were compared with those of a group of 18 
patients (matched for age and sex) without dysphagia after 
Nissen fundoplication. These patients were operated 
betweeen 1994 and 1997, by the same team; all had a floppy 
3-0-3-5-cm Nissen fundoplication with division of the short 
gastric vessels after complete preoperative evaluation 
consisting of standardized clinical history, upper gastro- 
intestinal endoscopy, manometry and 24-h pH monitoring. 


Symptoms 

In both groups, the preoperative and’ postoperative 
symptoms were scored according to a system combining 
frequency (daily, once a week, once a month, or less) and 
severity (severe, moderate, mild, no symptoms)** for 
heartburn, regurgitation and dysphagia. Dysphagia was 
defined as an uncomfortable sensation of food sticking in 
the oesophagus shortly after or while eating solid food and 
liquids. Reoperation was considered successful when 
dysphagia was abolished without the induction of recurrent 
GORD. Nissen fundoplication was called ‘uncomplicated’ 
when all symptoms of GORD had been treated successfully 
and no dysphagia had developed. This group will hence- 
forth be referred to as the ‘uncomplicated Nissen’ group. 


Radiological examination of the oesophagus 


Barium oesophagogastrography was performed before and 
after (re)operation to obtain information about oesophageal 
emptying but mainly to identify the position of the wrap. 


Upper gastrointestinal endoscopy 
Endoscopic findings were graded according to the criteria 
of Savary and Miller’’: grade 0, normal mucosa, with no 
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lesions; grade I, single or non-confluent multiple mucosal 
erosions; grade II, confluent erosions, not including the 
whole circumference of the oesophagus; grade M, 
confluent erosions including the whole oesophagus, but 
without stenosis; and grade IV, chronic lesions, ulcers 
and/or stenosis. The presence of Barrett’s epithelium was 
indicated separately. The endoscopist’s impression of the 
tightness of the wrap was also recorded. 


Oesophageal manometry 

All medication that could affect oesophageal motility was 
stopped at least 48 h in advance. Manometry was performed 
after an overnight fast, using a water-perfused catheter with 
a sleeve sensor (Dent Sleeve, Adelaide, Australia) connected 
to a pneumohydraulic perfusion pump (Arndorfer Medical 
Specialities, Greendale, Wisconsin, USA). The catheter 
was passed transnasally into the stomach and the sleeve 
sensor was positioned at the central point of the LOS. 

Intraluminal oesophageal pressures were recorded at 5, 
10 and 15cm above the upper margin of the LOS. The 
manometric response to ten standardized wet swallows 
(10-ml water bolus) was recorded. Peristaltic wave ampli- 
tude and duration of contraction were calculated for the 
proximal (15 cm above the LOS), mid (10cm) and distal 
(5 cm) part of the oesophagus. The velocity of peristalsis for 
the proximal and distal part of the oesophagus was 
calculated from peak-to-peak intervals between peristaltic 
waves between adjacent transducers. The ramp pressure, 
defined as the intraoesophageal pressure increase just before 
the peristaltic wave?®?”, was determined for the distal part 
of the oesophagus. 

‘The mean end-expiratory LOS pressure was determined 
over a period of 10 min. The end-expiratory gastric baseline 
pressure served as the zero reference point. The residual 
pressure of the LOS during relaxations, in response to wet 
swallows, was measured as well as the mean percentage of 
LOS relaxations. LOS relaxation was defined as normal if it 
exceeded 90 per cent with a residual pressure below 
8mmHg**. Correlations between basal LOS pressure, 
amplitude and velocity in the distal part of the oesophagus 
and ramp pressure were assessed before and after (re)opera- 
tion for patients with and without dysphagia after Nissen 
fundoplication. 


Continnous pH monitoring 


All studies were performed as outpatient procedures after an 
overnight fast. All medication that could possibly interfere 
with the results was stopped at least 48 h before pHmetry in 
the 1980s and 5 days before testing in the 1990s. Since 
GORD was not present in the vast majority of these 
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patients, this change in approach can only have been of 
minor influence. The intraoesophageal pH was measured 
for 24 h using a pH glass electrode (model LOT 440; Ingold, 
Urdorf, Switzerland). The catheter was introduced through 
the nose into the oesophagus and positioned 5 cm above the 
manometrically determined upper margin of the LOS. The 
pH signal was recorded in a digital data logger, using a 
sampling rate of 0-2 Hz. Reflux variables were calculated for 
the 24h data using a commercially available analysis 
program. Reflux variables used in this study were percen- 
tage of time with pH less than 4 (total, upright, supine), 
number of reflux episodes (total, upright, supine) and mean 
duration of reflux episodes (total, upright, supine). Data 
from 24-h pH monitoring of 27 asymptomatic volunteers 
served as control values; pathological reflux was defined as 
the total proportion of time at pH below 4 of 4-4 per cent or 
more, upright 4-4 per cent or more and supine 1-2 per cent 
or more*’. 


Statistical analysis 

Results are expressed as median (range). The paired samples 
t test was used for statistical comparison of manometric 
variables obtained before and after (re)operation. The 
Mann-Whitney U test and non-parametric correlation 
coefficient (Spearman’s rank test) were used for compar- 
isons between the two groups. The relation between LOS 
pressure, amplitude and velocity of the contractions in the 
distal oesophagus and ramp pressure was calculated using 
Spearman’s rank correlation test. All tests were performed 
using the statistical software package SPSS 7.5.2 for 
Windows (SPSS, Chicago, Illinois, USA). The significance 
level was set at P< 0-05. 


Eighteen patients were reoperated for persistent dysphagia 
after Nissen fundoplication. The group consisted of seven 
men and 11 women with a median age of 50 (range 
25-61)years, with a median follow-up of 3 (range 
1-16) years. Most patients had undergone one or more 
dilatations without permanent success. The control group 
consisted of seven men and 11 women with a median age of 
44 (range 27-61) years and follow-up ranged from 1 to 8 
(median 2)years. All these patients had the full-scale 
preoperative and postoperative evaluation. 

Radiological examination in patients with dysphagia 
invariably showed some degree of delayed oesophageal 
emptying, with some dilatation of the distal oesophagus. In 
one patient the fundoplication had slipped around the 
stomach (telescoping) and two patients had a paraoesopha- 
geal hernia. No clear explanation for dysphagia could be 
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found in the remaining patients. In all cases the endoscope 
could be introduced into the stomach without appreciable 
resistance. 


Surgical complications 


One patient in the dysphagia group developed a wound 
abscess and one patient in the control group had a 
postoperative pneumothorax. Recurrent GORD was diag- 
nosed in three patients after reoperation. These patients 
were treated medically. Another patient in this group 
needed a partial gastrectomy because of intractable delayed 
gastric emptying, probably due to vagal nerve damage. 
There was no surgical death. 


Effect of operation on symptoms 


After reoperation all patients experienced improvement of 
dysphagia. In ten of the 18 patients dysphagia was 
completely resolved and eight patients had mild residual 
symptoms with a frequency of about once a month. 
Reoperation reduced the mean (range) composite score 
for dysphagia from 3 (2-3) to 0 (0-2) (P< 0-001). The scores 
for regurgitation and heartburn were not significantly 
affected. After reoperation, the scores for dysphagia were 
no longer different from those of the control group 
(P=0-75). In the uncomplicated Nissen group there was 
no significant dysphagia and reflux symptoms were 
resolved. 


Effect of operation on oesophageal body motility 


Effect of reoperation 

The effect of reoperation on oesophageal motor function 1s 
presented in Table 1. The percentage of primary peristaltic 
contractions, amplitude of contractions, contraction 
velocity and duration, and ramp pressure were not 
significantly affected by conversion from 360° to 270° 
fundoplication. The ramp pressure in patients with 
dysphagia before reoperation was no different from 
that in patients after uncomplicated Nissen fundoplication 


(Fig. 1). 


Effect of uncomplicated Nissen fundoplication 


Again, the percentage of primary peristaltic contractions, 
amplitude of contractions, and contraction velocity were 
not significantly altered by the operation. Duration of distal 
contractions and ramp pressure both increased (from a 
median of 2.9 (1-9-4-3) to 3-4 (2-0-4-7) s (P= 0-05) and from 
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Table1 Results of oesophageal manometry in 18 patients with persistent dysphagia after Nissen fundoplication before and after 
reoperation (Belsey Mark IV), and in 18 patients before and after Nissen fundoplication not leading to dysphagia 


90(30-100) 058 


10000173 095 


208 (53-380) 
65 (0-100) 
69 (02-170) 


1411 (08-323) <001_ 
100 (80=100) 
_ 04 (0-4-1) 


<00 - 
- <0.01 











30 H- 
; 
25 j- 
B 
= 20 - 
p | 
5 15 + 
8 | 
2 i 
ara 
a K 
T l 
5b 
Q eee Eo 
Dysphagia After Before After 
after reoperation operation uncomplicated 
fundoplication Nissen 
fundoplication 


Fig.1 Ramp pressure in 18 patients with dysphagia after Nissen 
fundoplication before and after reoperation, and in 18 patients 
before and after uncomplicated Nissen fundoplication. *P<0-01 
(paired samples ¢ test) 


10.1 (0-8-21.5) to 14.3 (0-8-25-1) mmHg (P<0-01) 


respectively). 


Effect of operation on lower oesophageal sphincter 
dynamics 


Effect of reoperation 


Preoperatively the residual relaxation pressure in patients 
with dysphagia was significantly higher than in the group 
without dysphagia (P< 0-01). End-expiratory LOS pressure 
and residual relaxation pressure both decreased signific- 
antly after reoperation (both P< 0-01) and were no longer 
different from values obtained in patients after uncomplic- 
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Fig.2 End-expiratory lower oesophageal sphincter (LOS) 
pressure in 18 patients with dysphagia after Nissen 
fundoplication before and after reoperation, and in 18 patients 
before and after uncomplicated Nissen fundoplication. *P < 0-01 
(paired samples ¢ test) 


ated Nissen fundoplication (Figs 2 and 3). The percentage of 
swallow-induced sphincter relaxations returned to normal 
(Fig. 4). 

Before reoperation a negative correlation was found 
between the percentage of complete swallow-induced 
relaxations and the ramp pressure (r =- 0-49; P= 0-04). No 
significant correlation was observed between end-expira- 
tory LOS pressure and distal peristaltic amplitude (7 = 0-40; 
P=0-10), peristaltic velocity (r=0-30; P=0-23) or ramp 
pressure (7=0-25; P=0-31). Residual relaxation pressure 
and ramp pressure also showed no significant correlation 
(r=0-24; P=034). After reoperation a significant correla- 
tion was found between the end-respiratory LOS pressure 
and distal peristaltic amplitude (r = 0-49; P = 0-04). The 
length of the high-pressure zone at the oesophagocardiac 
junction was not affected by reoperation and fell in the same 
range as values obtained before and after uncomplicated 
Nissen fundoplication. 
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Fig.3 Residual relaxation pressure in 18 patients with dysphagia 
after Nissen fundoplication before and after reoperation, and in 
18 patients before and after uncomplicated Nissen 
fundoplication. *P< 0-01 (paired samples t test) 


Effect of uncomplicated Nissen fundoplication 

End-expiratory LOS pressure and residual relaxation 
pressure were significantly increased by 360° fundoplica- 
tion (both P<0-01). End-expiratory LOS pressure after 
Nissen fundoplication fell in the same range as that after 
reoperation, whereas residual relaxation pressure was 
higher than that after reoperation (P<0-01). The length 
of the LOS/high-pressure zone was no different from that 
before and after reoperation. A significant correlation 
between end-expiratory LOS pressure and distal peristaltic 
velocity (r=0-63; P<0-01) was present in patients with 
GORD, but not after Nissen fundoplication. After Nissen 
fundoplication a significant correlation was found between 
LOS pressure and the distal peristaltic amplitude (r= 0-58; 
P=0.013). The ramp pressure showed a significant increase 
after operation (P< 0-01) (Fig. 1). 


Effect of reoperation on endoscopic findings 


Before reoperation two patients had grade I and one had 
grade II oesophagitis. After reoperation oesophagitis was 
cured in these patients but grade I oesophagitis was seen in 
one other patient. There were no significant differences 
between the groups in grades of oesophagitis before and 
after (re)operation. 


Effect of operation on 24-h pH profile 


The median total reflux time in patients with dysphagia 
after Nissen fundoplication was similar before and after 
reoperation (0-8 (0-16-5) versus 1-8 (0-14-9) per cent; 
P=0-95); after reoperation 14 patients fell within the 
normal range, three were borderline abnormal and one 
had pathological acid exposure (14-9 per cent of total time). 
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Fig.4 Relaxation of the lower oesophageal sphincter (LOS) ın 18 
patients with dysphagia after Nissen fundoplication before and 
after reoperation, and in 18 patients before and after 
uncomplicated Nissen fundoplication. *P<0-01 (paired samples t 
test) 


A significant reduction in total reflux time from 11-2 
(0-3-21-7) to 0-9 (0-12-0) per cent was measured in patients 
without dysphagia after Nissen fundoplication (P<0-01); 
after operation, 15 patients had normal acid exposure, two 
were borderline abnormal and in one acid exposure was 
excessive (12-0 per cent of total time). 

Acid reduction after Nissen fundoplication was no 
different from that after the Belsey Mark IV redo procedure 
(P=1.-0). 


Discussion 


Dysphagia is a persistent problem after Nissen fundoplica- 
tion and the mechanism is incompletely understood. The 
length of the fundic wrap has been mentioned as the 
potential basis for dysphagia. In the 1970s and 1980s 
DeMeester et a/.*° proposed that length of the fundoplica- 
tion and basal LOS pressure were the two major factors 
controlling dysphagia. In the past few years, no severe 
dysphagia has been observed after open Nissen fundoplica- 
tion with a wrap of 3-0-3-5 cm, whereas a dysphagia rate of 
12 per cent has been reported after the laparoscopic 
procedure, in the same period with essentially the same 
procedure’. In the present study, in both groups, the length 
of the high-pressure zone on manometry was also about 
3-5-4-0 cm. Therefore, length as such does not seem to be a 
very important determinant of dysphagia. 

Different aspects of oesophageal body motor function 
and the dynamics of the LOS, as variables reflecting the 
tightness of the wrap, have also been examined in detail. As 
expected, no differences in primary peristaltic contractions 
were observed, although in both groups some patients met 
the criteria of a non-specific motility disorder. However, 
these were not over-represented in the dysphagia group. A 
relation between LOS pressure and distal peristaltic 
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amplitude and a decrease in peristaltic amplitude after relief 
of dysphagia was anticipated. Although such a decrease was 
not observed in any of the three oesophageal segments, 
median values tended to be higher before reoperation and 
there was a possible correlation between LOS pressure and 
distal amplitude after reoperation and uncomplicated 
Nissen. These findings suggest that distal amplitude adapts 
to the barrier at the lower end of the oesophagus and that 
insufficient adaptation to a high LOS pressure plays a role in 
dysphagia. Duration of contraction and peristaltic velocity 
were not affected by reoperation. 

The so-called ramp pressure represents the intrabolus 
pressure in front of the actual contraction. An increased 
ramp pressure was not a co-phenomenon of dysphagia in 
this study, although this was suggested by Mittal eral.?°. 
Mathew etal?” found an increase in ramp pressure after 
laparoscopic Nissen fundoplication but without correlation 
with symptoms of dysphagia. In fact, in this study it seems 
that an increase in ramp pressure ‘protects’ against 
dysphagia after Nissen fundoplication, because an increased 
ramp pressure was not observed in patients with dysphagia 
after a Nissen procedure and conversion to a partial 
fundoplication did not lead to a demonstrable decrease in 
ramp pressure. Intrabolus pressure in the distal oesophagus 
is likely to be determined by a multitude of factors: 
amplitude and velocity of oesophageal peristalsis, oesopha- 
geal diameter and resistance at the oesophagogastric 
junction. Many of these factors may be altered in dysphagia 
after fundoplication. 

Basal LOS pressure was highest in the dysphagia 
group, but there was a large overlap with patients 
after reoperation and after uncomplicated fundoplication. 
After reoperation the basal LOS pressure was in the same 
range as that after uncomplicated Nissen fundoplication. 
Basal LOS pressure does not discriminate between dyspha- 
gia and non-dysphagia after surgery. Incompleteness of 
relaxation was a more consistent finding in the dysphagia 
group. This phenomenon was observed in the majority of 
patients with dysphagia as the reason for reoperation. Relief 
of dysphagia was accompanied with return of complete 
relaxation in almost all patients. Complete relaxation after 
swallowing does not seem to be an absolute prerequisite for 
absence of dysphagia, because incomplete relaxation is 
commonly found after uncomplicated Nissen fund- 
oplication. 

Residual relaxation pressure was highest in patients with 
dysphagia and it became identical to that seen in patients 
with GORD after conversion to partial fundoplication. The 
combination of incomplete sphincter relaxation with raised 
residual relaxation pressure was almost invariably present in 
patients with dysphagia. The present data on residual 
relaxation pressure are in concordance with recent observa- 


Bntish Journal of Surgery 2001, 88, 569-576 www.bys.co.uk 


tions by the Adelaide group, who found no effect of Nissen 
fundoplication on basal LOS pressure, but a significant 
increase in residual relaxation pressure in patients without 
dysphagia’”. In another study they showed an increase in 
basal LOS pressure after Nissen fundoplication in combi- 
nation with an increase in residual relaxation pressure”. 
After partial fundoplication, the residual relaxation pressure 
was higher than that before surgery but lower than that after 
Nissen fundoplication. 

The question remains as to how dysphagia after antireflux 
surgery may be prevented. Several authors have shown that 
the incidence of dysphagia is lower after partial fundoplica- 
tion than after a 360° wrap. Hunter et a/.** compared, in a 
non-randomized study, the Nissen, Nissen—Rosetti and 
Toupet procedures and showed that the incidence of 
dysphagia was highest after Nissen—Rosetti and lowest after 
the Toupet procedure. They also drew attention to the 
aspect of the wrap on postoperative endoscopy and showed 
that torsion in the wrap, leading to a ‘spiral’ appearance of 
the fundoplication, might be important in causing dyspha- 
gia. Lundell et a/.>°, who compared the Nissen and Toupet 
procedures in a randomized study, reported simular results. 
However after more than 1 year the difference between the 
two techniques had faded. The risk of dysphagia is very low 
after the Belsey Mark IV procedure*®, but also after open 
Nissen fundoplication with a wrap of 3~4cm in length?’. 
Prevention is difficult when the results are so confusing. 
Defective oesophageal body motor function has also been 
held responsible for the development of dysphagia’”~*?. Ina 
study by Baigrie et a/.*° of patients who had undergone a 
360° fundoplication irrespective of their preoperative 
oesophageal peristalsis, no difference in subjective and 
objective outcome was found in patients with disturbed 
oesophageal motility. Three of the present patients with 
dysphagia had motility disorders that improved after 
reoperation. 

Prospective criteria to predict dysphagia could not be 
identified from the patients studied. Despite extensive 
research dysphagia after antireflux surgery remains difficult 
to manage. No preoperative criteria are currently available 
to predict dysphagia after fundoplication. Kamolz et a/.*! 
have shown that patients with low expectations of their own 
abilities are more likely to develop dysphagia after antireflux 
surgery and they plea for adopting prognostic psychological 
tests before antireflux surgery to select the proper patients. 

Once dysphagia has developed, an unequivocal patho- 
physiological reason for the impaired passage of food 
through the high-pressure zone cannot usually be identi- 
fied. Barium swallow may show a slight dilatation of the 
oesophagus with delayed oesophageal emptying but usually 
without an explanation even for severe dysphagia. The 
endoscope passes easily through the oesophagus into the 
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stomach and the endoscopist tends to challenge the 
diagnosis of obstructive disease. Basal LOS pressure may 
be in the normal range and incomplete relaxation is often 
but not always reported. When dietary advice is not 
sufficient, dilatation is attempted to relieve symptoms and 
to prevent weight loss. Wo etal. noted that dilatation was 
successful if dysphagia was persistent after the first 
operation. Dilatation was far less successful after a second 
or third operation. The group of patients studied was not 
homogeneous, because contrast radiography showed a 
‘slipped Nissen’ in about one-third of the patients studied. 
This is in contrast to the present study in which one of 18 
patients had a slipped Nissen fundoplication and one a 
paraoesophageal hernia with the fundoplication mm situ. If 
dilatation fails, conversion from a 360° wrap into a partial 
fundoplication is the only effective way to solve the 
problem. A successful outcome finally proves that the 
patient’s symptoms were indeed caused by functional 
obstruction at the level of the LOS. 

In conclusion, incomplete relaxation of the LOS with an 
increase in residual relaxation pressure is a consistent 
finding in dysphagia. However, these phenomena do not 
allow complete separation of patients with dysphagia from 
those without. 
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Background: Approximately 10 per cent of patients referred for 24h oesophageal pH tests with 
symptoms suggestive of gastro-oesophageal reflux disease will have a normal endoscopic examination 
and normal distal oesophageal acid exposure times, but a clear temporal correlation between their 
symptoms and episodes of acid reflux. These patients have an ‘acid-sensitive oesophagus’, which forms 
part of the spectrum of reflux-related conditions. Their response to antireflux surgery has not been 
reported previously. This study represents a prospective cohort analysis of a clearly defined group of 
patients with acid-sensitive oesophagus who have undergone laparoscopic antireflux surgery. 

Methods: Nineteen patients (nine male and ten female; median age 32 years) underwent laparoscopic 
antireflux surgery for acid-sensitive oesophagus. All had had an incomplete response to medical therapy. 
Results: Eighteen of 19 patients were graded Visick I or II at 6 months after operation; all 16 patients 
followed for 1 year were graded Visick I or I. There were significant falls in DeMeester symptom score 
(4-0 versus 0-5; P<0-001), symptom events (20 versus none; P< 0-001), number of reflux episodes (17 
versus two; P < 0-001) and overall acid exposure times (1-2 versus 0-3 per cent; P< 0-001) after operation. 
Conclusion: Laparoscopic antireflux surgery is a valid and effective treatment for patients with an acid- 
sensitive oesophagus. 
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Introduction 


Laparoscopic antireflux surgery is a well established 
procedure of proven benefit for patients with symptomatic 
gastro-oesophageal reflux disease (GORD). However, 
not all patients with reflux-related symptoms fulfil the 
traditional endoscopic or acid exposure criteria for a 
diagnosis of GORD. Approximately 10 per cent of patients 
referred for 24-h oesophageal pH tests with symptoms 
suggestive of GORD will have both a normal endoscopic 
examination and normal distal oesophageal acid exposure 
time (AET), but a clear temporal relation between their 
symptoms and episodes of acid reflux. These patients can be 
said to have an ‘acid-sensitive oesophagus’ (ASO), which 
forms part of the spectrum of reflux-related conditions*’. 
Some will respond fully to medical acid suppression’ but, as 
with true pathological GORD, a proportion will remain 
symptomatic despite appropriate medical therapy, or will be 
unable to take medical therapy owing to intolerable side- 
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effects. The aim of this study was to assess the results of 
laparoscopic antireflux surgery in this group. 


Patients and methods 


Between 1993 and 1999, 167 laparoscopic antireflux 
procedures were performed by a single surgeon in a district 
general hospital. Of these, 19 patients had a diagnosis of 
ASO. The definition of ASO was made on the basis of 
symptoms, findings at endoscopy and the results of 24-h 
distal oesophageal pH-metry. All patients had symptoms of 
gastro-oesophageal reflux, normal endoscopy (i.e. absence 
of both endoscopic oesophagitis and hiatus hernia), and two 
separate 24-h pH tests with a normal AET, but with a 
positive symptom index. All patients corresponded to the 
classification AoFoPo, where Ag indicates normal hiatal 
anatomy at endoscopy, Fo indicates a total AET of less than 
4 per cent, and Pp indicates the absence of endoscopic 
oesophagitis’. 
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All data were collected prospectively. Thirteen patients 
had two separate and normal preoperative 24-h pH tests 
preceded by stationary oesophageal manometry. Six 
patients had two separate and normal preoperative pH tests 
performed by the ‘pull-back’ technique® but without 
preceding manometry (see below). There were no sig- 
nificant differences between these two groups in terms of 
patient characteristics, physiological tests or subjective 
assessments so they are presented here as a single group. 

Before initial oesophageal function tests, patient symp- 
tom information was obtained using a standardized 
symptom questionnaire, which included a DeMeester 
symptom score’, details of symptom duration and any 
medication taken for reflux symptoms. All patients 
described heartburn and regurgitation; heartburn pre- 
dominated in four, regurgitation predominated in six and 
both symptoms were equally dominant in nine. All patients 
underwent surgery because of failure of medical therapy to 
control their symptoms fully. Ten patients had symptoms 
despite at least double maintenance doses of proton pump 
inhibitors (PPIs), i.e. omeprazole 40 mg daily or lansopra- 
zole 60 mg daily. Four patients had maintenance doses of 
PPIs but were unable to tolerate higher doses owing to side- 
effects. One patient was unable to take even maintenance 
doses of PPIs because of depression, and was treated with 
ranitidine 150 mg three times daily. Two adolescents (aged 
12 and 15 years) had reduced doses of PPIs according to 
dosage recommendations at the time, and one (aged 
14years) was treated with Gaviscon® (Reckitt and 
Colman, Hull, UK) before PPIs were licensed for use in 
adolescents. Similarly one adult was treated with ranitidine 
before PPIs were licensed for maintenance treatment in 
GORD. Median duration of symptoms before surgery was 
36 (range 9-360) months. 

All patients underwent outpatient upper gastrointestinal 
endoscopy. Oesophagitis, or its absence, was scored using 
the classification of Savary and Miller’®. Hiatal anatomy was 
recorded. 

Stationary manometry traces were analysed according to 
Castell’s criteria!’. In the 13 patients who had preoperative 
manometry, median lower oesophageal pressure was 12-5 
(range 5-20) mmHg and lower oesophageal length was 4 
(2-5) cm. Two of 13 patients had ineffective oesophageal 
body motility, and the remaining 11 had normal motility. 

Twenty-four-hour ambulatory oesophageal pH moni- 
toring was performed before operation in all patients. 
Antisecretory and prokinetic agents were omitted for 7 days 
before the tests. All pH studies were performed as 
outpatient procedures following a 6-h fast. Studies were 
performed using a single-use antimony pH catheter with an 
internal reference electrode (Zinetics 24; Medtronic, Salt 
Lake City, Utah, USA) and a portable digital data recorder 
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(Flexilog™; Oakfield, Oxford, UK) which recorded and 
stored oesophageal pH data every 6s. After calibration at 
pH 4 and pH 7, the cathete= was passed transnasally into the 
stomach, as determined by a fall in pH to below 2-5. It was 
then withdrawn to lie 5cm above the manometrically 
determined proximal border of the lower oesophageal 
sphincter. Before the introduction of oesophageal mano- 
metry, the pull-back technique was used to determine the 
proximal border of the lower oesophageal sphincter®. Here 
the pH catheter was withdrawn to lie 5 cm above the point at 
which there was a marked, persistent step up in the pH level. 

No restrictions were placed upon patients’ diet, fluid 
intake or activities. A diary was kept of the time spent supine 
and upright, of all symptoms experienced, and of food and 
liquid intake during the test period. An event marker was 
used by the patient to record the timing of any symptoms. 
The pH catheter was removed after 24h and recalibrated to 
check for significant drift. Variation by more than 0-5 pH 
units from the pretest calibration led to the test being 
disregarded. Repeated preoperative pH tests were separated 
by an interval of at least 2 weeks. The pH data were analysed 
using a commercial software program (Flexisoft™ 2; 
Oakfield). The results of all tests were reviewed weekly by 
a consultant surgeon and two clinical nurse specialists. The 
following normal values of pH parameters were employed: 
percentage time upright with oesophageal pH below 4 of 
less than 6 per cent; percentage time supine with 
oesophageal pH below 4 of less than 2 per cent; total 
percentage time with oesophageal pH below 4 of less than 4 
per cent; and Johnson and DeMeester composite score’? of 
less than 16-7. 

A test was deemed to be diagnostic of GORD ifany one of 
these values was exceeded. Such a result excluded a 
diagnosis of ASO. A test was not deemed to be indicative 
of GORD if the symptom index alone was positive. A 
modified symptom index score was used, similar to that 
employed by Weusten etal.. A reflux episode was 
recognized if there was a fall in pH of greater than 1.5 units 
from baseline lasting more than 6s, regardless of whether 
the pH fell below 4. There was deemed to be an association 
between a patient event and a reflux episode if the event 
marker was pressed during the reflux episode or up to 2 min 
after its cessation. These events were identified by manual 
analysis of all traces. The symptom index was deemed 
positive if a minimum of 50 per cent of patient events 
corresponded to a reflux episode’. 

Laparoscopic floppy Nissen fundoplication was per- 
formed by fashioning a floppy 360° posterior wrap over a 
56-Fr oesophageal bougie, with routine division of the 
short gastric vessels. A 2-cm wrap was created with three 
non-absorbable sutures, the proximal two of which included 
the anterior oesophageal wall. The completed wrap was 
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anchored to the right pillar of the crus with a further non- 
absorbable suture. 

Laparoscopic partial fundoplication was performed by 
fashioning a posterior 270° wrap, again with routine 
division of the short gastric vessels. Each limb of the wrap 
was sutured to the oesophagus using three non-absorbable 
sutures and to the respective pillar of the crus with a further 
suture. 

Early on in the series no crural repair was performed as, 
by definition, this group of patients had no crural defect. 
This policy was altered to one of routinely placing a 
posterior crural non-absorbable suture following two late 
complications of mediastinal wrap herniation (see below). 

Three patients underwent a laparoscopic partial fundo- 
plication as part ofa concurrent randomized surgical trial of 
fundoplication. All other patients underwent laparoscopic 
Nissen fundoplication with one conversion to an open 
operation on account of haemorrhage from a short gastric 
vessel. 

Postoperative follow-up was performed by patient- 
completed questionnaire, Ne ad symptom score and 
the modified Visick score!’ (Table 1) at 6 weeks, 6 months 
and 1 year after operation. Twenty-four-hour pH tests were 
performed 6 months after operation. 


Statistical analysis 


Results are expressed as median (interquartile range), unless 
stated otherwise. A Mann-Whitney rank sum test was used 
for comparison of differences between medians in two 
groups, and of differences between preoperative and post- 
operative values within groups. Statistical significance was 
assumed at P< 0-05. 


Results 


Patient details are given in Table 2. The median DeMeester 
symptom score fell from 4-0 (3-2-6-0) before operation to 
0.5 (0-2-0) after operation (P< 0-001) (Fig. 1). The number 
of symptom events on 24-h pH-metry fell from 20 (9-28) to 
0 (0-0) (P < 0-001) (Fig. 2). The median symptom index was 
82 (39-100) per cent before operation. After operation only 
three patients experienced any symptoms (symptom indices 
5, 25 and 50 per cent). The remaining patients had no 
symptoms during the postoperative 24-h pH test so no 
symptom index could be calculated. Total acid exposure fell 
from 1-2 (0-8-2-4) per cent before surgery to 0-3 (0-0-8) per 
cent after operation (P<0-001). The number of reflux 
episodes per test fell from 17 (12-28) to 2 (0-7) after 
operation (P<0-001). Nocturnal symptoms were rare 
before and after operation (both median zero). Nocturnal 
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Table1 Visick grades 





Values are median (range) 


before 


reflux episodes were similarly rare (median 1 (0-2) 
operation versus 0 (0—0) after surgery; P< 0.05). 

Overall, 18 of 19 patients were graded Visick I or I a: 
6months, and all 16 patients followed for a minimum of 
l year were Visick grade J or I. All patients, when directly 
asked, responded that the operation had been a su j 
that their reflux symptoms had been improved significantly 
or abolished by the operation. By comparison, 129 (91 per 
cent) of 142 and 125 (91 per cent) of 138 patients with 
proven GORD were Visick grade Į or H at 6 months and 
l year respectively (Table 3). 

Four of the 19 patients required a single succe 
balloon dilatation for dysphagia between 3 weeks and 
7 months after operation. By comparison 22 (15 per cent) 
of 148 patients with proven GORD underwent at least one 
balloon dilatation for dysphagia after operation. One 
patient with ASO who was Visick grade IV at 6 weeks aft 
surgery had dysphagia. She was treated successfully by 
balloon dilatation and was Visick grade I at 6 months after 
operation. Two patients were Visick grade HI at 6 weeks 
after operation and one remained Visick grade UI 
6months owing to dysphagia. Both underwent balloon 
dilatation and were Visick grade H following this. There 
were two late complications, both acute mediastinal wrap 
hernias, which occurred at 12 and 17 months after opera- 
tion. Both patients underwent open reduction and repair. 
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Discussion 


The outcome of antireflux surgery in patients with 
physiological levels of acid exposure on preoperative 24-h 
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Fig.1 DeMeester symptom scores before and | year after 
operation (7 = 19). P< 0-001 (Mann-Whitney rank sum test) 
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Fig.2 Preoperative and postoperative numbers of symptom 
events on 24-h pH tests (# = 19). Preoperative values are means 
of two pH tests. P< 0-001 (Mann-Whitney rank sum test) 


Tabie3 Postoperative Visick scores in patients with acid-sensitive oesophagus and gastro-oesophageal reflux disease 
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Values in parentheses are percentages. ASO, acid-sensitive oesophagus; GORD, gastro-oesophageal reflux disease 


pH tests has recently been reported as being inferior to that 
of patients with proven GORD'®. However, the multi- 
variate analysis performed by Campos etal. did not include 
an assessment of the correlation between patients’ symp- 
toms and acid reflux events on 24-h pH tests. The failure to 
confirm such an association before operation may explain 
why 35 per cent of their ‘non-GORD’ patient subgroup 
reported ‘fair’ or ‘poor’ results of surgery. The study 
reported here is the first to examine the outcome of 
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antireflux surgery in a clearly defined group of patients with 
ASO, based on endoscopic, pH and symptom index criteria. 

The concept of the ASO is having 
been introduced in a number of studies in the past 
+6118" A clear definition of what constitutes an 
ASO has, however, been slow to appear. The present 
authors have taken the term to indicate a patient who has no 
endoscopic oesophagitis and normal distal oesophageal acid 
exposure confirmed on repeat 24-h pH-metry, but a 


not new, 


10 years 
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positive (i.e. more than 50 per cent) correlation between 
symptoms and episodes of acid reflux. This definition 
exceeds that used in previous reports**, and is therefore less 
likely to include patients who in fact have pathological levels 
of gastro-oesophageal reflux. 

The parameters used to determine normal distal oeso- 
phageal acid exposure will influence the diagnosis of ASO 
against that of ‘pathological’ GORD. If the normal cut-off 
values are raised then ASO will be diagnosed more 
frequently. Despite several large studies in healthy controls 
and symptomatic patients!*”°, there is no widespread 
agreement on what constitutes a ‘normal’ 24-h pH study. 
Strict criteria (less than 6 per cent of upright time, less than 2 
per cent of supine time and less than 4 per cent of total time) 
were employed in the present study in order to avoid 
overdiagnosis of ASO in patients who may have true 
pathological reflux. By comparison, ASO has been defined 
variously by an AET of less than 6-95 per cent’, below 5 per 
cent and less than 4-2 per cent’. 

Up to 30 per cent of symptomatic patients with an 
initially normal 24-h pH test will have an abnormal repeat 
test!**?, particularly if the patient has little in the way of 
their typical reflux symptoms on the first test day”’. This 
implies that a proportion of patients given a diagnosis of 
ASO on the basis of a single 24-h pH test may in fact have 
pathological levels of oesophageal acid exposure if tested on 
a more symptomatic day. Previous reports have not 
required repeat pH tests to establish a diagnosis of ASO 
and thus may over-report the condition. 

This protocol stipulated that patients should have no 
endoscopic evidence of oesophagitis. By comparison, 
oesophagitis was recorded in 18 per cent* of Trimble et al.’s 
and 19 per cent of Shi eta/.’s patients with ASO. 
Furthermore, in the latter study 37 per cent had a hiatus 
hernia. All of the present patients had received antireflux 
medication from the general practitioner or referring 
physician before preoperative endoscopy. Although such 
medication was discontinued for at least 7 days before 
endoscopy, some patients might have had oesophagitis 
before treatment that had subsequently healed. 

A variety of methods may be employed to categorize an 
acid reflux episode and to determine whether a symptom 
event is related causally to an individual reflux episode. 
Watson etal.° regarded a symptom event as reflux related if 
it occurred coincidentally or within 2 min of a fall in pH to 
below 4. Trimble et a/.* also required the pH to fall below 4 
but used a $-min window after each reflux episode. Both 
groups took a symptom index of 50 per cent or greater to be 
positive. Shi etal.” additionally calculated the symptom 
sensitivity index and the probability that symptoms and 
reflux episodes occurred by chance, taking P<0-05 as 
significant. The present investigation used a symptom index 
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analysis similar to that employed by the Utrecht group’, 
i.e. a fall in distal oesophageal pH of 1-5 units from a steady 
level, regardless of whether the pH falls below 4, and an 
event window that starts at the onset of the reflux episode 
and ends 2 min after its cessation. This recognizes the 
finding of Shi etal’ that reflux episodes perceived by 
patients with ASO tend to have a higher minimum pH and 
shorter duration than those of patients with tue GORD. 

It is important to distinguish between ASO and the term 
‘irritable oesophagus’. Irritable oesophagus is a term 
applied in the setting of a patient with non-cardiac chest 
pain and implies that oesophageal sensory thresholds have 
been determined using intraoesophageal balloon distension 
or provocation tests with acid or edrophonium?*”®, 

The H)-receptor antagonist famotidine has been shown 
to reduce oesophageal sensitivity to acid exposure in 
endoscopy-negative GORD”*, but its effect on the ASO 
has not been reported. In this context, all of the present 
patients underwent surgery because of incomplete success 
of medical therapy. 

A placebo effect of surgery cannot be ruled out entirely. 
The only truly objective assessments possible in these 
largely asymptomatic postoperative patients were the 
highly significant falls in the mean number of reflux 
episodes on 24-h pH-metry and total AETs. The Visick 
scores at lyear compared favourably with those in a 
contemporary group of patients undergoing antireflux 
surgery for pathological levels of gastro-oesphageal reflux 
and with those in the literature’, suggesting that patients 
with ASO achieve equally good symptomatic relief through 
surgery. By this time any placebo effect would be expected 
to have revealed itself. Longer-term follow-up, including 
quality of life assessment, will help to clarify this issue. 

The comparatively high rate of postoperative balloon 
dilatation partly reflects the authors’ predilection for 
treating patients with dysphagia in this way. The dilatation 
rate did not differ significantly from that seen in a series of 
patients with pathological levels of gastro-oesophageal 
reflux. Two of the four patients with ASO who had balloon 
dilatation were adolescents (aged 12 and 14 years; dilated 
once each at 3 weeks). In these patients, early postoperative 
dysphagia is an emotive as well as a physiological problem, 
causing distress and concern to patients and parents alike. 
As a result the authors are more likely to perform early 
dilatation on adolescents with dysphagia, whilst employing 
a more expectant policy with adults. 

In conclusion, a combination of endoscopy, repeat 24-h 
pH testing and symptom index analysis can define clearly a 
small but eminently treatable population of patients with 
the ASO syndrome. In this group, when standard medical 
management provides inadequate symptom relief, laparo- 
scopic antireflux surgery is a valid and effective treatment. 
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Background: Burn care has changed considerably. Early surgery, nutritional support, improved 
resuscitation and novel skin replacement techniques are now well established. The aim of the study was 
to establish whether changes in management have improved survival following burn injury and to 
determine the contributory factors leading to non-survival. 

Methods: This was a retrospective outcome analysis of data collected from a consecutive series of 4094 
patients with burns admitted to a tertiary referral, metropolitan teaching hospital between 1972 and 
1996. 

Resuits: The overall mortality rate was 3-6 per cent. This decreased from 5-3 per cent (1972-1980) to 
3-4 per cent (1993-1996) (P= 0-076). The risk of death was increased with increasing burn size (relative 
risk (RR) 95-90 (95 per cent confidence interval 12-60-729-47) if more than 35 per cent of the total body 
. surface area was burned; P< 0-001) increasing age (RR 7-32 (3-08-17-42) if aged more than 48 years; 
P<0-001), inhalation injury (RR 3-61 (2-39-5-47); P<0-001) and female sex (RR 1-82 (1-23-2-69); 
P=0-003). Operative intervention (RR 0-11 (0-06-0-21); P< 0-001) and the presence of an upper limb 
burn (RR 0-53 (0-35-0-79); P= 0-002) decreased the risk. 

Conclusion: Modern burn care has decreased the mortality rate. Increasing burn size, increasing age, 
inhalation injury and female sex increased, while operative intervention and an upper limb burn 


decreased, the risk of death. 
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Introduction 


Burn injury is very common. It affects approximately 1 per 
cent of the population each year. The vast majority of these 
injuries are minor, although quite painful. In contrast, a 
small number of individuals receive massive deep burns that 
are accompanied by permanent disfigurement or death. The 
past few decades have seen many changes to burn care that 
have decreased the frequency of patient morbidity and 
death. Oliguric renal failure subsequent to burn shock, 
uncontrolled burn wound infection and postburn contrac- 
tural deformities were once common among burn victims. 
These entities are now quite uncommon. This study 
examined the effect that these changes have had on rates 
of survival following burn injury and the factors that 
increase the risk of death among patients treated at a tertiary 
burn referral centre. 
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Patients and methods 


The details of patients admitted to the burn service of the 
Royal Brisbane Hospital since 1972 have been recorded in an 
electronic database. Data have been collected prospectively 
since 1990. A paper registry was kept and the medical records 
were reviewed after approval by the Institutional Ethics 
Committee. An Access™ program (Microsoft, Sydney, 
Australia) on a Pentium? personal computer (NEC, 
Sydney, Australia) was customized to suit the purpose. 

Patients included in the study were greater than 10 years 
of age and were treated during the period 1972-1996. Data 
collected included age, sex, burn depth and size, cause of 
injury, year of admission, length of hospital stay, operative 
intervention, presence of smoke inhalation injury, anato- 
mical distribution of burn and outcome. 

To allow changes in mortality trends over time to be 
shown, year of admission was grouped into the intervals 
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before 1980, 1981-1984, 1985-1988, 1989-1992 and 1993- 
1996. Burn size was also grouped into 2 per cent or less, 3-5 
per cent, 6-10 per cent, 11-20 per cent, 21-35 per cent and 
more than 35 per cent of the total body surface area (BSA). 
These intervals were defined in order to gain an even 
distribution of patient numbers in each group, while 
retaining a large enough number of groups to allow 
comparison of trends. 


Statistical analysis 

Determinant factors considered in this multivariate analysis 
were age, burn size (TBSA), presence of smoke inhalation 
injury, sex, performance of burn wound excision and 
operative intervention (skin grafting), anatomical site of 
burn, year of admission and cause of burn. Several statistical 
models were considered. A probit model was rejected as the 
distribution of mortality against burn size was not strongly 
sigmoidal, an assumption underlying valid use of the probit 
model (Fig. 1). A logistic regression model assumes equal 
length of follow-up and was not considered appropriate as 
length of hospital stay was highly variable. The Cox 
proportional hazards regression model, which is in the 
same generalized linear models as logistic regression, was 
chosen as it allows estimates of survival and relative survival 
between levels of any factor to be derived. All analyses were 
performed using SPSS version 7.5 statistical package (SPSS, 
Chicago, Illinois, USA) on an IBM personal computer 
(IBM, Sydney, Australia). Statistical significance was 
defined at the 95 per cent level (two-tailed). The precision 
of estimated relative survival rates was expressed by quoting 
95 per cent confidence intervals. 


Results 


A total of 4094 patients were admitted for acute burn injury 
during the study period of whom 146 (3-6 per cent) died. 


al 
40 80 80 100 


Percentage of TBSA burned 








8 


Fig.1 Deaths in relation to burn size. Large burns caused more 
deaths, but the distribution was not strongly sigmoidal leading to 
rejection of probit analysis. TBSA, total body surface area 
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‘Three-quarters of the patients were male. Patients’ ages 
ranged from 10 to 97 (median 29) years; half were aged 
between 10 and 30 years (Fig. 2). 

The major cause of injury was flame related (43-8 per 
cent) and scalding (24-5 per cent) was the next most 
frequent. Contact, chemical, electrical and friction burns 
were responsible for a further 23-5 per cent of injuries. More 
than half had burns to less than 6 per cent of the TBSA while 
26 patients (0-9 per cent) suffered burns to greater than 90 
per cent of the TBSA. Burns were located on the upper 
limbs in 51-4 per cent, lower limbs in 39-8 per cent and on 
the head in 29-4 per cent. Burns to the trunk were present in 
29.4 per cent of patients and genital burns were present in 
6-5 per cent. Multiple sites of injury were frequently 
present. The incidence of inhalation injury was 4-0 per 
cent. Operative intervention was noted in 24-1 per cent. 

Age, sex, year of admission, burn size, inhalation injury, 
operative intervention, and injuries to the upper limbs, head 
or trunk when taken as independent variables all signifi- 
cantly influenced the mortality rate (P< 0-001). Multivariate 
analysis of the individual prognostic factors showed that the 
determinants of death were increasing age and burn size, 
inhalation injury and female sex (Table 1). The mortality 
rate was decreased by operative intervention or if the burn 
was sited on the upper limb (Table 2). Year of admission 
approached, but did not achieve, a significant decrease in 
mortality rate (P= 0-076) once the other concurrent factors 
were taken into account (Table 3). 

The strongest independent determinant of death in burns 
patients was burn size (P< 0-001). The relative risk of death 
was lowest for patients sustaining a burn of less than 2 per 
cent of the TBSA. A steady increase in mortality rate was 
noted with increasing burn size. Patients with a burn size of 
greater than 35 per cent of the TBSA had a 95-9 (95 per cent 
confidence interval 12-60-729.47) times greater risk of 
death than those with a burn affecting 2 per cent or less of 
the TBSA. 
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Fig.2 Distribution of age. Half of the patients were aged 
between 10 and 30 years 
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Table Factors increasing risk of death 





Values in percentages are 95 per cent confidence intervals. TBSA, total 
body surface area 


Age was seen to be a determinant of death on both 
individual and multivariate analysis (P< 0-001). The mor- 
tality rate was lowest for patients under the age of 20 years. 
The risk of death following burn injury increased with age; 
patients over the age of 48 years were 7-3 times more likely 
to die following a burn injury. Inhalation injury increased 
the risk of death 3.6-fold. (P< 0-001). The mortality rate was 
increased 1-8-fold among females (P=0-003). This was 
evident in both individual and multivariate analysis. 

The presence of burns to the upper limbs, but no other 
anatomical site, was associated with a decreased risk of death 
on multivariate analysis (P = 0-002). Operative intervention 
decreased the risk of death by almost 90 per cent (P < 0-001), 
although it should be noted that data were not available for 
one-third of the sample. The cause of the injury had no 
effect on outcome (P = 0-34). 


Discussion 


Burn injury can be devastating even if it involves only a small 
area. A deep burn to the face or hands creates major 
cosmetic and functional disabilities. The purpose of this 
study was to examine the effect that the many changes in 
burn care over the past few decades have had on survival and 
to identify the factors that make death from burns more 
likely. A number of techniques to predict the likelihood of 
death following burn injury have been described. These 
include scoring systems such as the ‘Baux Rule’ and the 
‘Abbreviated Burn Severity Index’ of Tobiasen, probit 
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Table2 Factors decreasing risk of death 
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Values in percentages are 95 per cent confidence intervals 


Table3 Burn mortality rate 1972-1996 








Values in percentages are 95 per cent confidence intervals. °F = 
proportional hazards test) 


analysis, logistic regression analysis and proportional 
hazards’. 

Ryan and colleagues’ analysed the outcome of 1665 
patients treated between 1990 and 1996. They sought to 
develop a simple method of prediction of risk of death based 
on objective clinical criteria available at the ume of 
admission. The mortality rate was 4 per cent. Three risk 
factors for death were identified: age over 69 years, burn size 
greater than 40 per cent of the TBSA and presence of smoke 
inhalation injury. The mortality rate rose from 0-3 per cent 
if no risk factor was present to 3 per cent for one, 33 percent 
for two and to 90 per cent if all three risk factors were 
present. In contrast to the present data, sex did not alter 
survival rates once burn size, age and inhalation injury were 









considered. The limitations of Ryan’s simple predictive 
formula become apparent when one considers that a young 
person with a 100 per cent TBSA burn and no inhalation 
injury should have only a 3 per cent risk of death, a point 
supported by Saffle®. Coste and colleagues” produced an 
even simpler predictive formula, calculating a score as 2 
(age—50)+ percentage TBSA for age greater than 50 years, 
or percentage TBSA otherwise. Smith et a/'" and Saffle anc 
Colleagues’! have published the outcome of 1447 and 641 
patients respectively, and both acknowledge the lethality of 
smoke inhalation when combined with burn injury. Saffle er 
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al. reported pooled data from 28 burn centres who proffered 
results to the American Burn Association Patient Registry 
between 1991 and 1993. The overall mortality rate was 4-1 
per cent, which rose to 29-4 per cent in the group with 
inhalation injury. Smith et al. reported almost identical 
figures. 

While it is gratifying to note that the mortality rate has 
decreased in the present study and is at an acceptable level, 
these statistics cannot tell the whole story. While virtually 
all children and adolescents can be salvaged from even the 
most devastating burn and live to enjoy fruitful and 
productive lives, there is a small group whose concomitant 
injuries, such as hypoxic brain damage, leads one to 
question whether survival is the most desirable outcome. 
Bland statistics and predictive formulae also do not account 
for comorbidities that may exist in the individual. The 
unfortunate individual whose cerebral metastasis caused 
him to collapse on the stove may well succumb even though 
the burn was minor. Therefore, although survival scores 
and formulae remain useful tools for purposes of audit and 
comparison, they should not be applied to the individual. In 
this respect the authors are in agreement with Choiniere 
etal", 

Female sex was shown to be a significant predictor of 
death among this patient sample as in other studies!*"'*, Sex 
differences in the thickness of skin and in the proportion of 
body fat to muscle mass between men and women may be 
responsible. Another explanation may lie in the fact that a 
significant percentage of the largest burns were self- 
inflicted, in the majority of cases by women. These burns 
are often very extensive and quite deep, making survival less 
likely. The presence of an upper limb burn reduced the 
mortality rate. While small burns commonly affect the 
upper limb, burns to this area are often not as deep as those 
elsewhere because scalds and flash burns are over-repre- 
sented. This may, in part, explain this curious finding. 

Modern burn care is driven by the philosophy of 
undertaking activities that will attenuate the systemic 
inflammatory response'”'®. These include control of 
wound infection with topical antimicrobials (1970s), enteral 
nutrition (1980), adequate pain relief, early surgery (late 
1980s), use of anabolic agents and beta blockade (1990s), 
and use of artificial/cultured skin where appropriate (late 
1990s)'7~?°, These activities are best undertaken in burn 
centres staffed by individuals well versed in meeting the 
complex, competing challenges that a severely burned 
person provides. The Australian and New Zealand Burn 
Association has developed guidelines, espoused in the 
Emergency Management of Severe Burns course, to aid in 
the selection of appropriate patients for referral to a burn 
centre (Table 4). 
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Table4 Referral ara 












Burns “greater than 10 per. cent of total a surface ari 
Burns of special areas: face, hands, feet, ge 
major joints. BA es 
Full-thickness burns greater than 5% Ye A TBSA in Adul and 
TBSA in children == g 5 
Electrical burns. 
Chemical bums 
Burns with an associated inhalation: niy. 
Circumferential burns of the limbs or chest’ ma 
Burns at the extremes of age, in children and the 
Burn injury in patients with pre-existing medical disorc 
complicate management, prolong recovery or effect 
Any bum patient with associated trauma 
Burns associated with self-harm or assault 











Optimum outcomes should result from appropriate early referral to a 
burn centre. TBSA, total body surface area 


Increasing burn surface area, increasing age, the presence 
of a respiratory burn/inhalation injury, absence of a skin 
graft procedure and female sex all significantly increased the 
risk of death. The overall mortality rate continues to decline 
principally owing to more rapid wound closure. 
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Background: Patients with cachexia suffer from anorexia, weight loss and hypermetabolism. This study 
examined the relationship between plasma leptin concentration, leptin gene expression, weight loss and 


the acute-phase response in a group of surgical patients. 


Methods: Body composition, plasma leptin, interleukin (IL) 6, soluble tumour necrosis factor receptor 
(STNE-R) 55, sTNE-R75 and C-reactive protein were analysed in a cohort of 28 patients undergoing 
elective surgery. Subcutaneous and omental leptin messenger RNA (mRNA) was analysed in a subgroup 


of 14 patients. 


Results: After adjustment for fat mass (FM), a significant partial correlation coefficient was found 
between plasma leptin and serum IL-6 concentration (P= 0-037). A positive correlation was found only 
between plasma leptin and omental leptin mRNA (P = 0-009). Patients with an acute-phase response had 
a significantly higher level of plasma leptin per unit FM (P=0-049). Stepwise multiple regression 
showed that FM (P<0-0005) and serum IL-6 (P= 0-018) were independent predictors of plasma leptin 


level. 


Conclusion: Plasma leptin levels appear to be influenced by proinflammatory cytokines. Omental fat 
may have more influence on plasma leptin than subcutaneous fat. Accelerated weight loss in patients 
with cancer with an ongoing inflammatory response could be mediated in part by inappropriately high 


plasma levels of leptin. 


Paper accepted 5 December 2000 


Introduction 


Leptin, the adipocyte-derived product of the antiobesity 
gene, continues to attract considerable interest!”. In mice, 
leptin appears to act as a hormonal signal in the afferent limb 
of a negative feedback loop between adipose tissue and the 
feeding centres in the hypothalamus**. Upon deposition of 
fat, the plasma leptin level rises, hypothalamic leptin 
receptors are activated’ and neuropeptide Y levels in the 
ventromedial nucleus decrease®, with consequent appetite 
reduction and a simultaneous increase in metabolic rate”. 
In addition, serum cytokines may upregulate leptin levels, 
suggesting that cytokine-mediated anorexia may, in part, be 
mediated through leptin”. 

Human studies have demonstrated a strong association 
between plasma leptin levels and adiposity in obese, normal 
weight’! and weight-losing individuals’*. Administration of 
cytokines to human volunteers has been followed by an 
increase in leptin levels!?"*. 
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Cachexia is a debilitating syndrome of weight loss, 
anorexia and hypermetabolism, found in many patients 
with advanced cancer or chronic inflammatory diseases, 
which is accompanied by decreased quality of life’* and 
survival'®!’, Increased production of leptin has been 
suggested as a possible mediator of the cachectic process. 
However, in a study of lung cancer cachexia, individuals 
with detectable plasma leptin levels had less weight loss and 
greater fat mass (FM)!®, while in a group of patients with 
gastrointestinal cancer plasma leptin concentration was 
related to the predicted percentage body fat and was not 
raised in the presence of an inflammatory response. None 
the less, in patients with weight loss due to emphysema, the 
serum leptin level did correlate with serum soluble tumour 
necrosis factor receptor (sTNF-R) 55 when adjusted for 
FM”. 

In an attempt to resolve the controversy regarding the 
role of leptin in cachexia, the relationship between leptin, 
weight loss and the inflammatory response in a group of 
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elective colorectal surgical patients, divided into those with 
and those without weight loss, was examined. As previous 
work had highlighted differences in leptin production 
between the omental and subcutaneous compartments, 
leptin messenger RNA (mRNA) expression was analysed in 
a consecutive subgroup of patients in order to compare 
leptin gene expression in the two fat compartments between 
weight-losing and weight-stable patients. 


Materials and methods 


Patient population and study protocol 


A cohort of 28 patients (age range 45-91 years) undergoing 
colorectal surgery for colorectal cancer or diverticular 


disease formed the study population. None of the patients 


suffered from bowel obstruction. Patients were interviewed 
and consented the day before surgery. Height and weight 
was measured and the degree of weight loss recorded. After 
an overnight fast, a blood sample (15 ml) was obtained for 
analysis of leptin, C-reactive protein (CRP), interleukin 
(IL) 6, sTNF-R55 and sTNF-R75. In a subgroup of 14 
patients, biopsies were obtained at the start of surgery and 
without the use of diathermy from the abdominal wound 
subcutaneous fat and from the greater omentum. Biopsies 
were snap-frozen in liquid nitrogen ustng Wollenberger 
tongs and stored at—70°C until subsequent analysis of leptin 
mRNA. The study was approved by the Lothian Research 
Ethics Committee. 


Body composition 


Body height was measured to the nearest 0-5 cm with the 
patient standing barefoot. Body-weight was measured to 
the nearest 0-1 kg with the patient barefoot and wearing 
light clothing. Body mass index (BMI) was calculated using 
the formula BMI=weight (kg)/(height (m))’. Predicted 
total body water (TBW) in litres was derived from validated 
standard equations’? based on sex, age (years), height 
(centimetres) and weight (kilograms). For female 
patients, TBW=—2.097 + (0-1069 X height) + (0-2466 x 
weight). For male patients, TBW=2-447-(0-09516 x 
age) + (0-107 X height) + (0-3362 X weight). Fat-free mass 
(FFM) in kilograms was determined using the following 
formula: FFM =’TBW/0-73. FM was calculated as follows: 
FM = total body-weight — FFM. 


Blood analysis 


Blood was drawn in evacuated collection tubes. Serum 
samples were collected in 10-ml Monovette® Serum Gel 
tubes (Sarstedt, Numbrecht, Germany) and plasma samples 
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were collected in 5-ml ethylenediamine tetra-acetic acid 
tubes (Sarstedt). Plasma and serum samples were stored at 
-70°C until analysis. 


Leptin 

Plasma leptin was measured by radiounmunoassay as 
described elsewhere?! using a commercial kit (Human 
Leptin RIA kit; Linco Research, St Charles, Missouri, 
USA). The limit of sensitivity was 0-5 ug/l. 


Interleukin, C-reactive protein and tumour necrosis factor 
receptor 


Serum IL-6, CRP, sTNF-R55 and sTNF-R75 were all 
measured by indirect enzyme-linked immunosorbent assay. 
IL-6 was measured using a monoclonal antihuman IL-6 
antibody and peroxidase-conjugated fragments for antigen 
binding of a murine monoclonal antihuman IL-6 anubody 
(CLB, Amsterdam, The Netherlands). The lower limit of 
detection was 5 pg/ml. CRP was measured using rabbit 
anthuman CRP antibody and _peroxidase-conjugated 
rabbit anthuman CRP antibody (DAKO, High 
Wycombe, UK). The lower limit of detection was 1 mg/ 
ml. sTNF-R55 and sTNF-R75 were measured using 
polyclonal and monoclonal anti-sTNF-R55 and anti- 
sTNE-R75 antibodies kindly provided by Dr W. A. 
Buurman, University of Maastricht, The Netherlands!”. 
The lower limit of detection was 190 pg/ml for sTNF-R55 
and 2 ng/ml for sTNF-R75. In all cases a standard curve was 
constructed from standards provided by the suppliers. The 
coefficient of variation for all plasma assays was below 10 
per cent. 


Leptin messenger RNA analysis 


Total RNA was extracted from adipose tissues using 
TRIzol™ reagent according to the method described by 
the manufacturer (Life Technologies, Paisley, UK). 
Hypoxanthine-guanine = phosphoribosy! transferase 
(HPRT) mimic DNA was prepared as described in the 
PCR Mimic™ construction kit (Clontech Laboratories, 
Basingstoke, UK). Mimic DNA was constructed for the 
quantification of leptin complementary DNA (cDNA) 
using a 574-base pair neutral DNA fragment and composite 
primers as described by the manufacturer (Clontech 
Laboratories). The composite primers contained a neutral 
DNA-specific sequence and a leptin (target) DNA-specific 
primer sequence. This polymerase chain reaction (PCR) 
product was the leptin mimic DNA. Each 50-1] PCR 
reaction contained 0-5 ng neutral DNA, 50 pmol of each 
PCR primer, 200 mmol/l of each deoxyribonucleoside 5’- 
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triphosphate, magnesium chloride 3 mmol/l, potassium 
chloride 500 mmol/l, Tris-HCI 100 mmol/l, pH8-3 and 
9.25 units of Ampli Taq Gold DNA polymerase. The 
conditions used for the PCR were 94°C for 10 min followed 
by 30 cycles at 65°C for 1 min, 72°C for 2 min and 94°C for 
1 min. The products of the PCR reaction were separated by 
electrophoresis at 80 V in a 2 per cent (w/v) low melting 
point agarose gel and the resulting band was excised from 
the gel and purified using the Wizard ^ PCR Preps DNA 
purification kit (Promega, Southampton, UK). A 1-4] 
sample of purified leptin mimic DNA was reamplified by 
PCR as described above but using target primers (50 pmol). 
The resulting reamplified leptin mimic DNA was isolated 
from the primers as described above. The concentration in 
attamoles per microlitre of the mimic DNA was determined 
following spectrophotometric analysis. In order to quantify 
the amount of each target, 1 ul of CDNA sample was added 


to reaction mixtures containing different concentrations of 


mimic DNA. To each reaction mixture, target primers for 
leptin CDNA (50 pmol primer) and for HPRT cDNA (1 
pmol primer) were added along with the rest of the 
components required for PCR. The volumes of these 
components and the conditions used for PCR were as 
before. Quantification of the amount of PCR products from 
mimic and target DNA was carried out by densitometry ona 
GelDoc 2000 system (BioRad Laboratories, Hemel 
Hempstead, UK). The ratio of optical density of mimic 
DNA and target CDNA PCR products was calculated and 
plotted against the known concentration of mimic DNA. In 
order to compensate for the differences in the size of the 
PCR products of mimic DNA and target cDNA, the 
concentrations of leptin cDNA were multiplied by 1-63 and 
the concentrations of HPRT cDNA were multiplied by 
1-91. Each constant value was derived from the ratio of the 
sizes of mimic DNA and target CDNA PCR products. In 


order to eliminate variations between samples, the ratios of 


Table1 Patient characteristics 


Male 









a Weight stable Weight losing 
(n=6) (n=8) 
(%) 11-1 (6:2-24) 
Body ass index (hain ) 28-0 (22-8-26-3) 24-5 (17-6-28-1) 








Fat mass (kg) — 24-5 (18-1-31-4) 16:9 (68-26) 
ALE (pg/ml) 60 6-1 (5:0-10) 
“CAP (mg) es 2.0 (2.0-9-9) 38 (2:0-54-3) 
STNE- ooo 120-21) 1-6 (141-69) 

s 1010-39) 2-8 (10-161) 
Leptin (ngm) 70 (4-293) 4-0 (0.9-12.7) 


the concentration of leptin cDNA and HPRT cDNA were 
determined. 


Statistical analysis 


Mann-Whitney U test was used for comparison of interval 
data between individual groups and Wilcoxon signed rank 
test for comparison of related interval data. Measures of 
association were performed using Spearman’s rank correla- 
tion test. The association between leptin and IL-6 while 
controlling for FM was calculated using partial correlation 
after logarithmic transformation of the data. In patients 
with IL-6, CRP and sTNF-R75 values below the detectable 
limit (5 pg/ml, 1 mg/l and 2 ng/ml respectively), the values 
5 pg/ml, 1 mg/l and 2 ng/ml respectively were used in the 
analysis. A stepwise multiple regression model was used to 
define factors responsible for variations in plasma leptin 
levels. Data in the text are expressed as median (range). 
Significance was determined at the 5 per cent level. All 
statistical calculations were performed using the SPSS 
statistical package (SPSS, Chicago, Illinois, USA). 


Results 


Twenty-eight patients were enrolled in the study of whom 
22 had colorectal cancer and six had diverticular disease. 
Patient demographic data and blood analyses are presented 
in Table 1. Patients were divided into two subgroups, weight 
stable (7 = 13) and weight losing (v= 15). There were nine 
patients with cancer in the weight-stable group and 13 in the 
weight-losing group. Weight-losing patients had lost 13-3 
(5-7-47-6) per cent of their preillness body-weight. 
Percentage weight loss in patients with malignant disease 
(13.3 (5-7-47.6) per cent) was similar to that in patients with 
benign disease (13-6 (10-5-16-7) per cent) (P= 0-734). 











Female 


Weight stable- 
P fet) 
0-070 ; aana 
0.028 20.3 (8. 735:9) 
0-052 
0-408 
0-156 
0:270 
0-302 


Values are median (range). IL, interleukin; CRP, C-reactive protein; sTNF-R, soluble tumour necrosis factor receptor. *Mann-Whitney U test 
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Weight-losing patients had a significantly lower plasma 
leptin level than weight-stable patients (3-9 (0-9-39-7) versus 
11-4 2-1-51-5) ng/ml; P=0-038). The plasma leptin level 
was inversely related to percentage weight loss (Spearman’s 
p=—0-523, P=0.004). The plasma leptin level tended to be 
lower in male than in female patients but the difference did 
not reach statistical significance (4-5 (0-9-29.3) versus 9-4 
(1-4-51-5) ng/ml; P=0-301). Patients with malignant dis- 
ease tended to have lower plasma leptin levels than those 
with benign disease but this was not significant (4-4 (0-9- 
51.5) versus 17-8 (3.2-29.3) ng/mL; P= 0-124). 

The plasma leptin level correlated with BMI (Spearman’s 
p=0-570, P=0-002) and FM (Spearman’s p=0-624, 
P<0-001). After adjustment for FM as a possible con- 
founder, a significant partial correlation coefficient was 
found between plasma leptin and serum IL-6 (r= 0-4035, 
P =0.037) but not between plasma leptin and serum sTNF- 
R55 (rF=-0-0342, P=0-866) or serum sTNF-R75 
(r=—0-066, P=0-742). 

Leptin mRNA levels in subcutaneous fat were almost ten 
times higher than those in omental fat (10-7 (0-31-34-4) 
versus 1-1 (0-1-9-4); P=0-002). A significant positive 
correlation was found between plasma leptin level and 
omental leptin mRNA (Spearman’s p = 0-666, P = 0-009) but 
not between plasma leptin level and subcutaneous leptin 
mRNA (Spearman’s p = 0-246, P = 0-396). Moreover, omen- 
tal leptin mRNA correlated significantly with body FM 
(Spearman’s p=0-785, P=0.001) and BMI (Spearman’s 
p=0-629, P=0-016). In contrast, there was no significant 
correlation between subcutaneous leptin mRNA and FM 
(Spearman’s p=0-273, P=0-345) or BMI (Spearman’s 
p=0-251, P=0.387). Omental leptin mRNA was signifi- 
cantly lower in weight-losing patients than in weight-stable 
patients (P= 0-004) (Table 2). No significant difference was 
found in subcutaneous leptin mRNA between weight-stable 
and weight-losing patients (P = 0-949). 

Patients who exhibited an acute-phase response (defined 
as CRP level of 10 mg/ml or more) had a significantly lower 


FM (P= 0-018), a similar plasma leptin level (P = 0.793) bur a 
significantly higher plasma leptin leve? per unit FM 
(P= 0-049) than patients without an acute-phase response 
(Table 3). Serum IL-6 was significantly higher (P = 0.007 
and there was a trend towards a higher level of sSTNF-R: 
(P= 0-053) in patients with an acute-phase response. 

Stepwise multiple regression showed that FM 
(P < 0-0005) and serum IL-6 concentration (P = 0-018) were 
the only two independent predictors of plasma leptin level 
with correlation values of 0.398 and © respectively. 
sTNF-R55 (P=0-730) and sTNF-R75 (P=0-530) were 
excluded from the regression model as ee did not 
contribute significantly to its predictive value. 








Discussion 


Plasma leptin concentration usually refects the total 
amount of fat present in the body. Among normal, obese 
and even cachectic patients, plasma leptin levels are strot 
related to adiposity and lower plasma leptin levels h ave b 












reported consistently among weight-losing patients” 
Itis therefore not surprising that in the present study plasma 
leptin levels in both the Wd areas and weight-losing 
patients were found to correlate directly with BMI and FM, 
and inversely with percentage weight loss. The lack of any 

Table2 Plasma leptin and leptin messenger RNA expression in 

subcutaneous and omental fat in patients undergoing colorectal 
surgery 








Values are median (range). mRNA, messenger RNA. *Mann~Whirney U 
test 


Table3 Acute-phase response and plasma leptin concentration in patients undergoing colorectal surgery 













Oe a 


13: 11 : : 
254 oe 
ae 21 +6 (6-5-35-3) 
: 5.0 (5-0-17-8) 

> 140- 4-6-9) 
ooe n 


Oo 3 (01-2. 5) 





: No acute-phase response 





183 a512 4) 
95 (3:7-17.6) 





Values are median (range). *Inflammatory response with C-reactive protein level 10 mg/l or more. IL, interleukin; sTNF-R, soluble tumour necrosis 


factor receptor. tMann-Whitney U test 
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difference between leptin level in patients with benign and 
malignant disease indicates that changes in leptin concen- 
tration are not disease specific (for instance, related directly 
to the presence of cancer). 

Leptin secretion rates in omental and subcutaneous fat 
have been studied previously in a group of obese and non- 
obese women, and were found to be two to three times 
higher in subcutaneous compared with omental fat on a 
gram of lipid per gram of tissue basis”’. Leptin gene 
expression was approximately twice as high in the sub- 
cutaneous compartment as that in the omental compart- 
ment. Leptin secretion rates in either fat compartment 
correlated with serum leptin levels. The greater FM in 
subcutaneous compared with omental tissue, coupled with 
the reported higher rate of secretion for subcutaneous fat, 
implied that most of the serum leptin was derived from 
subcutaneous adipose tissue. 

The results of the present study agree with those for obese 
and non-obese women””. Leptin gene expression was 
substantially higher in subcutaneous as opposed to omental 
fat. However, a significant positive correlation was found 
only between omental fat leptin mRNA and plasma leptin 
level and not between subcutaneous fat leptin mRNA and 
plasma leptin level. In addition, there was a significant 
reduction in leptin mRNA expression in omental fat 
between weight-stable and weight-losing patients, while 
there was no difference between subcutaneous fat leptin 
mRNA levels between these two groups. These findings 
suggest that fundamental differences in leptin gene expres- 
sion might exist between omental and subcutaneous fat 
depots. Such differences may be important to our under- 
standing of the cachectic process and deserve further 
investigation as there has been no previous work published 
on ob gene expression in cachectic patients’®. 

It is interestng that lepun mRNA expression is un- 
changed during weight loss in the quantitatively most 
abundant (subcutaneous) fat compartment. It may be that 
subcutaneous fat secretion rates remain unaltered during 
cachexia and it is simply the mass of fat remaining which has 
the greatest influence over plasma leptin levels. Omental 
leptin mRNA expression, on the other hand, appears far 
more sensitive to overall changes in energy reserve. 

In this study, a significant relation was identified between 
plasma leptin and serum IL-6 concentration when account 
was taken for FM. A significant relationship has previously 
been demonstrated between plasma leptin and serum TNF- 
a in groups of patients suffering from either chronic 
obstructive pulmonary disease’? or diabetes’’. sTNF-R 
concentrations have been suggested as an index of tissue 
TNF production. Thus the lack of correlation between 
plasma leptin concentration and either sTNF-R55 or 
sTNE-R75 is somewhat surprising. Taken together these 
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findings suggest a complex regulation of leptin by the 
inflammatory response. 


Leptin is a hormone associated with anorexia and 
hypermetabolism and it has been suggested that circulating 
levels may be increased by proinflammatory cytokines in 
human subyects’**'*, It has therefore been postulated that 
the decreased food intake and raised energy expenditure 
found in patients with cachexia may, in part, be related to 
inappropriately high levels of leptin in these patients. 
However, when studying cachectic patients with lung 
cancer leptin was not detected in the majority of patients 
with severe weight loss and low FM"®. It was concluded that 
raised plasma leptin levels did not contribute to cachexia 
and, since low plasma leptin was not associated with an 
increased appetite and decreased energy expenditure, 
disturbance in the hypothalamic part of the feedback 
mechanism was hypothesized. In another study of patients 
with gastrointestinal cancer, when plasma leptin levels were 
compared between weight-losing patients with or without 
an acute-phase response (CRP 10mg/ml or more), no 
significant difference was found". Again, however, plasma 
leptin was not always detectable. Furthermore, in both 
studies, plasma leptin level was not expressed in relation to 
body fat content (leptin/FM). In this study, plasma leptin 
was detected in every patient. As the degree of weight-loss 
was similar in this series to that in the two abovementioned 
studies, the discrepancy in detection might reflect metho- 
dological differences in assaying leptin. 

In the present study, when leptin was expressed per unit 
FM, patients exhibiting an acute-phase response did indeed 
have a higher level of leptin than those who did not have 
such a response. This is first evidence to suggest that an 
inflammatory response may lead to an inappropriately high 
leptin level and thus contribute to weight loss in cachectic 
patients. 

Overall, circulating leptin seems to be influenced by the 
amount of fat and proinflammatory cytokines such as IL-6. 
This raises the hypothesis that activation of proinflamma- 
tory cytokines exerts significant effects on leptin plasma 
levels in humans. Further studies elucidating the interaction 
between leptin, proinflammatory cytokines and acute- 
phase proteins might provide important insights into the 
pathways involved in energy balance regulation in cachexia 
in humans. 
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Hypertonic saline attenuates end-organ damage in an 
experimental model of acute pancreatitis (Br F Surg 2000; 
87: 1336-40) 


Sir 

This carefully designed and well executed study demonstrates 
that bolus hypertonic saline attenuates pancreatic and end- 
organ injury in experimental acute pancreatitis. Clearly the 
results carry sufficient weight to justify clinical appraisal. Bolus 
hypertonic saline, however, may prevent the microcirculatory 
changes seen in shock’ and this treatment may be less effective 
in the clinical setting of acute pancreatitis since micro- 
circulatory ischaemia may continue to evolve during the course 
of the illness””?. In this context, it would be of some additional 
benefit (although perhaps ethically and practically difficult) to 
examine whether the benefits of hypertonic saline infusion 
were sustained beyond 72 hours. 

Further, microcirculatory patency maintained by hypertonic 
saline provides a potential access route for therapies directed at 
modulation of pancreatic acinar injury. In this context, 
hypertonic saline may prove to be a useful adjunct ın the current 
Manchester trial of high-dose multiple-antioxidant therapy in 
patients with predicted severe acute pancreatitis. The role of 
hypertonic saline in acute pancreatitis, whether used alone orn 
conjunction with other therapies, is worthy of further appraisal. 

I. Virlos 

A. K. Siriwardena 
Department of Surgery 
Manchester Royal Infirmary 
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Authors’ reply 

Sir 

We thank Messrs. Virlos and Sirtwardena for their interest in 
our paper. We agree that pancreatic microvascular c are 


significant determinants of severity and exacerbate acinar 
injury’. This suggests a susceptibility of the pancreas to 
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changes in its blood supply, and that a restitution of pancreatic 

microcirculation early in the course of the disease may 

attenuate acinar necrosis. Hypertonic saline, by reducing 
endothelial cell swelling”, may ensure nutritive and therapeutic 
delivery to organs that would otherwise remain underperfused 
during local and systemic haemodynamic dysfunction. 

Therefore, its use as an adjuvant to ensure delivery of 

antioxidant therapy in pancreatitis is an intriguing and 

theoretically plausible suggestion. However, while some may 
advocate progression to a clinical trial, we would like to proffer 

a caveat. Although rare, osmotic demyelination (pontine 

myelinolysis) is a devastating complication of aggressive 

hypertonic therapy in hyponatraemia’, which may occur in 
patients with pancreatitis. The risk of myelinolysis is increased 
in the presence of the hepatic failure and nutritional 
compromise that may accompany severe pancreatitis. 

Furthermore, hypertonic saline states may induce venous 

thrombosis‘. Therefore, we believe that the implications of our 

findings with hypertonic infusion in pancreatitis need further 
elucidation prior to clinical trial. 
C. J. Shields 

D. C. Winter 
W. O. Kirwan 
H. P. Redmond 
Department of Academic Surgery 

National University of Ireland 

Cork University Hospital 

Wilton 

Cork 

Ireland 

1 Bockman DE. Microvasculature of the pancreas. Relationship to 
pancreatitis. Int 7 Pencreatol 1992; 12: 11-21. 

2 Mazzoni MC, Borgstrom P, Intaglietta M, Arfors KE. Capillary 
narrowing in haemorrhagic shock is rectified by hyperosmotic 
saline-dextran reinfusion. Core Shock 1990; 31: 407-18. 

3 KumarS, Berl T. Approach to the hyponatraemic patient. In. Schrier 
RW, ed. Atlas of Diseases of the Kidney Volume 1. Boston: Blackwell 
Science, 1999; 1-9-1-15. 

4 Heather BP, Jennings SA, Greenhalgh RM Thesaline dilution test- 
a preoperative predictor of DVT. Br F Surg 1980, 67: 63-5. 


Postoperative ileus: a preventable event (Br f Surg 2000; 
87: 1480-93) 


Letter 1 


Sir 

We thank the authors for their brilliant update ofknowledge on 
the pathophysiology and treatment of postoperative ileus. The 
article suggests that the use of the prokinetic agent cisapride is 
beneficial. We would like to bring to the attention of readers 
that the Medicines Control Agency (MCA) has suspended 

the product licences in the UK for all medicinal products 
containing cisapride from 28 July 2000. The decision has 
been made pending the outcome of the discussion on the 
benefits : nsks ratio of Prepulsid currently taking place by the 
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European Committee for Proprietary Medicinal Products 
(CPMP). Once a decision is made by CPMP, the UK 
authorities will reassess the status of the product licence for 
cisapride. 

Cisapride interacts with drugs metabolized by the 
cytochrome P4503A4 liver enzyme system!. By inhibiting its 
metabolism such interactions may lead to raised cisapride 
blood levels which may cause Q—T interval prolongation and 
ventricular arrhythmias. Recent experimental evidence 
suggests that therapeutic concentrations of cisapride have 
direct electrophysiological effects on the heart”. Serious 
cardiac arrhythmias, including ventricular tachycardia, 
ventricular fibrillation and torsades de pointes, and cases of 
sudden death have been reported in patients taking cisapride. 
Many of these patients were taking drugs suspected to increase 
cisapride blood levels by inhibiting its metabolism; others had a 
pre-existing cardiac condition which may have predisposed 
them to arrhythmias. 

We hope this letter will make readers aware that cisaprideis a 
drug that is suspended for use at present. We must await the 
MCA reassessment of the status of the product licence. 

S. Sunil 

S. Sinha 

Ser Peter Medawar Unit 

Royal Liverpool University Hospital 
Prescot Street 

Liverpool L7 8XP 

UK 

1 Commuttee for Safety of Medicines and the Medicine Control 
Agency. Current problems ın pharmacovigilance. 1996; 22: 1. 

2 Drolet B, Khalifa M, Daleau P, Hamelin BA, Turgeon J. Block of the 
rapid component of the delayed rectifier potasstum current by the 
prokinetic agent cisapride underlies drug-related lengthening of the 
QT interval. Carculation 1998; 97: 204-10. 


Letter 2 


Sir 
This review may have given the impression that surgeons 
should use cisapride to reduce the duration of ileus following 
laparotomy and the authors quote randomized controlled trials 
which support this practice. However, cisapride is associated 
with prolongation of the Q-T interval, which may lead to fatal 
ventricular arrhythmias. Because of this rare, but life 
threatening complication, cisapride was withdrawn from the 
market earlier this year. Further details may be found at the 
websites of the Medicines Control Agency in the UK 
(www.open.gov.uk/mea) and the Food and Drug 
Administration in the USA (www.fda.gov/bbs/topics/answers/ 
ans01007.html). i 
M. Cheetham 
St Mark’s Hospital 
Northwick Park 
Watford Road 
Harrow HAI 3UF 
UK 
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Role of surgery in mild primary hyperparathyroidism in 
the elderly (Br 7 Surg 2000; 87: 1640-49) 


Letter 1 


Sir 
The statistic quoted by the authors ofa greater than 90 per cent 
success rate for neck exploration ‘with very low morbidity and 
mortality’ may not be universally valid. There is likely to be a 
mixed ability of participants in this branch of surgery. An 
analogous situation exists in at least one other subspecialty, 
giving rise to the question ‘who should do thyroid surgery?’!. 
In the latter context, the recommendation is for increasing 
specialization’. This should apply with equal force to 
parathyroid surgery, given the implicit acknowledgement that 
the most useful adjunct to successful neck exploration is the 
experience of the surgeon’, even rendering unnecessary the 
expedient of preoperative localization by imaging studies’. In 
highly vulnerable age groups such as the elderly, it should be 
the policy in all hospitals to channel all referrals for 
parathyroidectomy to surgeons with a declared commitment to 
this branch of surgery. 
O. M. P. Jolobe 
Department of Medicine for the Elderly 
Tameside General Hospital 
Fountain Street 
Ashton under Lyne OL6 IRW 
UK 
1 Watkin D. Who should do thyroid surgery? Hosp Med 2000, 61: 
756-7. 
2 Silverberg SJ, Bilezikian JP. Evaluation and management of pnmary 
hyperparathyroidism. 7 Clen Endocrmal Metab 1996; 81: 2036-40. 
3 Wheeler MH. Primary hyperparathyroidism: a surgical perspective. 
Ann R Coll Surg Engl 1998; 80: 305-12. 


Letter 2 


Sir 
The first conclusion in this review is that no prospective 
randomized controlled trial comparing parathyroidectomy 
with conservative management for patients with mild or 
asymptomatic hyperparathyroidism has been published. I 
would make reference to the work of Silverberg etal.: ‘A 10- 
year prospective study of primary hyperparathyroidism with or 
without parathyroid surgery’’. 
D. Evoy 
Department of Surgery 
St James Hospital 
James Street 
Dublin 8 
Ireland 
1 Silverberg SJ, Shane E, Jacobs TP, Sins E, Bilezikian JP. A 10-year 
prospective study of primary hyperparathyroidism with or without 
parathyroid surgery. N Engl J Med 1999; 341: 1249-55. 
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Book reviews 2.712) 


Essential Postgraduate Surgery 


L. Fligelstone, A. H. Davies (eds) 
215 x 138 mm Pp. 405. Illustrated 2001. Edinburgh. Churchill Livingstone 
£24.95 


This surgical textbook summarizes a high proportion of the 
knowledge needed for the Membership of the Royal College of 
Surgeons examination. The information would be of value to 
the senior house officer and registrar. It is up to date and is 
written by a variety of contributors, using many lists and some 
excellent algorithms. The chapters on orthopaedic, vascular, 
endocrine, upper gastrointestinal, pancreatic, biliary and breast 
surgery are particularly useful. This reviewer was, however, 
disappointed not to see more on intensive care, which is such an 
important part of the College examination course. Little is 
written on, for example, renal or liver failure. Nevertheless, this 
volume is useful as a revision text for junior surgeons 
approaching the membership examination. 
C. P. Armstrong 
North Bristol NHS Trust 
Frenchay Hospital 
Bristol BS16 1LE 
UK 


Practical Management of Oesophageal Disease 


A. Adam, R. C. Mason, W. J. Owen (eds) 
257 X 191mm. Pp. 214 Ilustrated. 2000 Oxford: Isis Medical Media. £69-95 


This book covers all the relevant topics of oesophagology — 
motility disorders, oesophageal cancer, oesophagotracheal 
fistula, perforation and ‘miscellaneous’; it includes a separate 
chapter on clinical history taking and on the place of the 
oesophageal laboratory. A word of warning about the influence 
of expertise on the interpretation of the results obtained with 
manometry/24 bh pH monitoring and on the relationship 
between surgical experience and outcome of treatment is 
lacking. For gastro-oesophageal reflux disease, the indications 
for surgery and the surgical options are discussed. The lack of 
comparative studies in the literature produces a tendency to 
dogmatism, such as ‘recurrent reflux disease is more common 
after partial fundoplication than after Nissen’. This, and other 
similar statements, are largely opinion, often lacking 
confirmation from clinical studies. The decompensated 
oesophagus, sometimes surprisingly asymptomatic and 
severely compromising both dilatation and surgery, is a well- 
recognized and problematic condition that should have been 
discussed by the authors in the section on achalasia. They have 
included a chapter on quality of life in the section on 
oesophageal cancer. Quality of life studies were introduced in 
the 1980s and held major promise in assisting difficult clinical 
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decisions. So far their contribution has been disappointing. 
Moreover, the potential of quality oflife analysis is not confined 
to malignant disease but plays an equally important role in the 
treatment of benign oesophageal disease. The book is both 
practical and useful, but it does not give guidelines about who 
should treat which patient and, in particular, does not tell the 
reader when to refrain from surgical intervention and to 
consider referral to an expert unit. This is of specific relevance 
to the surgical trainee and the newly qualified physician with an 
interest in oesophageal disorders. 
H. G. Gooszen 
Department of Surgery 
University Medical Centre Utrecht 
PO Box 85500 
3508 GA Utrecht 
The Netherlands 


Applied Basic Science for Basic Surgical Training 


A. T. Raftery (ed) 
245 x 188 mm. Pp 607 Illustrated 2000. Edinburgh Churchill Lrvingstone 
£47 96. 


In the preface to this text the Editor stresses that the book is 
intended to fill the gap between curtailed undergraduate 
medical education and Membership of the Royal College of 
Surgeons examinations. Comparing the size of this volume 
with those on the groaning bookshelves of most surgical 
trainees demonstrates this book’s major failing; many of the 
sections contain insufficient information to pass surgical 
examinations. I have discussed the contents with several of the 
trainees I have worked with in relation to their examination 
experiences and in no case did they feel that there was sufficient 
information in this book to have satisfied the examiners that 
they encountered. That should not, however, detract from the 
text as it stands. It is clearly written and well illustrated. It 
would certainly form a useful basis for revision and would act as 
a guide to further areas of study. To try and encompass the 
whole of surgical education in one text is obviously a very tall 
order but this volume does go some way towards it. It would be 
of interest to undergraduates, postgraduates studying for 
surgical examinations and, indeed, ancillary staff working with 
surgeons. 
A. S. Gee 
Royal Devon & Exeter Hospital 
Barrack Road 
Exeter EX2 DW 
UK 
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Scientific Surgery 


The British Journal of Surgery is committed to practice of 
surgery based on scientific evidence. Each month we will 
publish a list of randomized trials and meta-analyses 
collated from English-language publications. A collec- 
tion of all these papers will be available in the Scientific 
Surgery Archive which will be held on the British Journal 


Skoropad VY, Berdov BA, Mardynski YS, Titova LN. A 
prospective randomized trial of preoperative and intraoperative 
radiotherapy versus surgery alone in resectable gastric cancer. 
Eur F Surg Oncol 2000; 26: 773-9. 

There was no overall survival advantage in this tral including 78 patients 
(50 per cent at 5 years), however, survival was significantly prolonged in 
a subgroup of patients with advanced disease. 


Schweizer J, Kirch W, Koch R, Elix H, Hellner G, Forkman L 
etal. Short- and long-term results after thrombolytic treatment 
of deep venous thrombosis. 7 4m Col] Cardiol 2000; 4: 1336-43. 
Some 250 patents with acute deep venous thrombosis were randomized 
Into five groups — one control and four different thrombolytic regimens. 
Systemic thrombolysis improved the clinical outcome but significantly 
mcreased the risk of bleeding and pulmonary emboli. 


Rodgers A, Walker N, Schug S, McKee A, Kehlet H, van Zundert 
A etal. Reduction of postoperative mortality and morbidity 
with epidural or spinal anaesthesia: results from overview of 
randomised trials. BMF 2000; 321: 1493-7. 

Some 141 trials including nearly 10 000 patients were analysed. Mortality 
was decreased by about one third, complications such as deep venous 
thrombosis, pulmonary embolism, pneumonia and transfusion requirement 
were also reduced. 


Veiga F, Escribé A, Maluenda MP, Lopez Rubio M, Margalet I, 
Lezana A etal. Low molecular weight heparin (Enoxaparin) 
versus oral anticoagulant therapy (Acenocumarol) in the long 
term treatment of deep venous thrombosis in the elderly: a 
randomuzed tral. Thromb Haemostas 2000; 84: 559-64. 

One hundred patients over 75-years-old with acute deep venous 
thrombosts (DVT) were randomized after 8 days Inital heparin therapy 
The rates of recurrent DVT (12 per cent acencoumarol versus 16 per cent 
hepann) and bleeding complicatons were similar. 


Defechereux T, Degauque C, Fumal I, Faymonville ME, Joris J, 
Hamoir E etal. Hypnosedation: a new anaesthesia technique for 
cervical endocrine surgery. A prospective randomized study. 
Ann Chir 2000; 125: 539-46. 

Forty patients were randomized. Operative and postoperative clinical 
outcomes were similar but patents who had hypnosedation reported 
significantly less postoperative pain 


Ackroyd R, Brown NJ, Davis MF, Stephenson TJ, Marcus SL, 
Stoddard CJ eta}. Photodynamic therapy for dysplastic 
Barrett’s oesophagus: a prospective, double blind, randomised, 
placebo controlled trial. Gut 2000; 27: 612-17. 
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of Surgery website together with links to free Medline 
sites where the full papers can be accessed (see below for 
details). If you have published a recent randomized trial 
which has not been featured in Scientific Surgery, the 
Editors would be pleased to receive a reprint and 
consider its inclusion. 


The tnal included 36 patients studied for 24 months. Photodynamic therapy 
significantly reduced the area of Barrett’s oesophagus (median decrease 
30 per cent) and the rate of dysplasia on biopsy. 


Bang S-M, Heo DS, Lee KH, Byun JH, Chang H-M, Noh D-Y 
etal. Adjuvant doxorubicin and cyclophosphamide versus 
cyclophosphamide, methotrexate, and 5-fluorouracil che- 
motherapy in premenopausal women with axillary lymph node 
positive breast carcinoma. Results of a randomized controlled 
trial. Cencer 2000; 12: 2521-6. 

- There was no difference in 5-year recurrence-free survival (64 per cent 
doxorubicin regimen versus 78 per cent fluorouracil regimen) in this study 
Including 124 women 


Fischer S, Troidl H, MacLean AA, Koehler L, Paul A. Prospective 
double-blind randomised study of a new regimen of pre- 
emptive analgesia for inguinal hernia repair: evaluation of 
postoperative pain course. Eur 7 Surg 2000; 166: 545-51. 
Bupivacaine given preoperatively, intracperatively and postoperatively 
significantly improved postoperative pain scores for the first 10 days in this 
study of 70 herma repairs. 


Talpos GB, Bone HG, Kleerekoper M, Phillips ER, Alam M, 
Honasoge M etal. Randomized trial of parathyroidectomy ın 
mild asymptomatic primary hyperparathyroidism: patient 
description and effects on the SF-36 health survey. Surgery 
2000; 128: 1013-21. 

Some 53 patients were randomized. After 2 years, two of nine quality of life 
domains were significantly better in patients randomized to surgery 


Loprinzi CL, Kugler JW, Sloan JA, Mailliard JA, LaVasseur BI, 
Barton DL etal. Venlafaxine in management of hot flashes in 
survivors of breast cancer: a randomised controlled trial. Lancet 
2000; 356: 2059-63. 

Some 222 women were randomized into one of four groups, placebo, or one 
of three different doses of this antidepressant drug. Active treatment 
reduced the rate of flushing by 37 to 61 per cent at the expense of symptoms 
such as dry mouth and occasional nausea 


The British Journal of Surgery website can be found at 
www.bjs.co.uk. In addition to details of current and previous 
articles featured in Scientific Surgery, the website contains 
details of the Editorial Team and Board, instructions 
to prospective authors, links to other sites (such as 
The Cochrane Library) and forthcoming surgical events. 
The Editors welcome comments and suggestions about 
the website, either m writing or through the website 
address. 
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VSSGBI abstracts 


Vascular Surgical Society of Great Britain and Ireland 





The following abstracts are from the papers 
presented at the Millennium Annual Meeting of the 
Vascular Surgical Society of Great Britain and 


Ireland, held in London, UK, from 30 November to 
1 December 2000. The President of the Society, 
Professor R. M. Greenhalgh, was in the Chair, 








Distal arterial reconstruction in Scotland 1989-1998 


R. J. Holdsworth and H. M. Paterson 

Stirling Royal Infirmary, Stirling, UK 

Methods: A retrospective analysis of national hospital 
discharge data (Scottish Morbidity Record 1) from 1989 to 
1998 was undertaken. 

Results: The population of Scotland has remained constant at 
5-1 million. A total of 975 distal arterial grafts were performed 
in 10 years. The overall rate of distal reconstruction increased 
from 0-9 per 100000 population in 1989, peaked at 2-6 per 
100000 in 1994, and has since declined steadily to 1-8 per 
100000 in 1998 (Table). There were huge interregional 
variations in the rate of reconstruction, with up to a 17-fold 
variation in annual rates between the 12 mainland health 
boards. The variations in distal reconstruction between the 
health boards were not reflected in reduced amputation rates, 
nor was the decline in distal reconstruction easily explained by 
increased non-femoral angioplasty. 

Conclusion: Rates of distal arterial reconstruction in Scotland 
fall well below those of comparable European countries. It is 
likely that insufficient distal operations are undertaken to 
impact on amputation rates. The authors recommend an 
increased provision of specialist vascular surgical expertise in 
Scotland. 


Association between intraplaque haemorrhage in the 
carotid atherosclerotic lesion, the degree of internal 
carotid artery stenosis and timing of ischaemic 
neurological events 


R. Mofidi, T. Crotty, G. F. Fulton, T. Powell, 
D. MacErlaine, S. J. Sheehan, D. Mehigan and 
T. V. Keaveny 

St Vincent’s University Hospital, Dublin, Ireland 


Background: Expansion of carotid atherosclerotic plaques as a 
result of intraplaque haemorrhage has been implicated in the 
development of ischaemic neurological events. The relation- 
ship between the quantity of haemorrhage in the dominant 
atherosclerotic lesion, the degree of internal carotid artery 
(ICA) stenosis and the chronology of patients’ symptoms was 
examined. 

Methods: Consecutive patients undergoing carotid endarter- 
ectomy were included. The nature and timing of symptoms 
were recorded. Aortic arch injection digital subtraction 
angiography was performed before operation. Carotid en- 
darterectomy specimens were serially sectioned and examined 
histologically. The amount of intraplaque haemorrhage was 
measured with digital image analysis. The influence of timing 
of symptoms on the quantity of intraplaque haemorrhage was 
compared with Kaplan-Meier analysis. Correlation between 
degree of ICA stenosis and quantity of intraplaque haemor- 
rhage was assessed by means of regression analysis. 

Results: Seventy-four patients (20 asymptomatic, 54 sympto- 
matic) were included. The median latency of symptoms was 28 
(1-600) days. Intraplaque haemorrhage was common: 54 (73 
per cent) of 74 patients. Mean(s.e.m.) cumulative symptom- 
free survival before operation for patients with no intraplaque 
haemorrhage was 0-71(0-11), compared with 0-58(0-11) in 
those exhibiting haemorrhage in less than 50 per cent of the 
plaque area, and 0-20(0-07) in lesions with over 50 per cent 
(P=0-002). A close correlation was observed between the 
degree of ICA stenosis and haemorrhagic content of the 
dominant atherosclerotic lesion (77 = 0-433, P< 0-001). 
Conclusion: These results confirm the association between 
intraplaque haemorrhage and the degree of ICA stenosis. They 
further demonstrate an association between the size of 
haemorrhage and timing of neurological events, suggesting a 
causative role for intraplaque haemorrhage in the development 
of ischaemic neurological events. 


Table Distal arterial reconstruction in Scotland 1989-1998, R. J. Holdsworth and H. M. Paterson 
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Randomized trial of veln versus dacron patching during 
carotid endarterectomy 


P. D. Hayes, H. Alroggen, S. Steel, N. J. M. London, 
M. M. Thompson, P. R. F. Bell and A. R. Naylor 
Leicester Royal Infirmary, Leicester, UK 


Background: A recent overview has indicated that, while 
routine patching is safer than primary closure following carotid 
endarterectomy (CEA), there is no systematic evidence that 
patch type influences outcome. Most surgeons perceive that 
prosthetic patches are more thrombogenic than vein patches. 
This study tested the hypothesis that it ıs the patient who is 
prothrombotic rather than the nature of the patch. 

Methods: Some 274 patients undergoing 276 CEAs were 
randomized to either dacron (Du Pont, Stevenage, UK) patch 
closure (n= 137) or vein patch closure (n= 139). All patients 
with an accessible cranial window were monitored for 3 h after 
operation using transcranial Doppler (TCD) ultrasonography. 
The number and rate of embolizations were quannfied, 
together with the requirement for selective dextran therapy 
to control high rates of postoperative embolization. All patients 
were assessed after operation and again at 30days by a 
neurologist, and all underwent duplex imaging at 30 days. 
Results: The 30-day death or any stroke rate was 2-2 per cent 
for dacron-patched patients and 3-6 per cent for vein-patched 
patients (P=0-72). Dacron-patched patients had a higher 
incidence of postoperative emboli (median 5 (mterquartile 
range 0-10-5)), compared with a median of 3 (interquartile 
range 1-17) for vein (P=0-028). However, the incidence of 
detecting more than 50 emboli was virtually identical and patch 
type had no effect on the incidence of sustained high-rate 
embolization requiring dextran therapy (5-3 per cent for dacron 
versus 3-7 per cent for vein). No patient had a carotid 
thrombosis at 30 days. 

Conclusion: Sustained high-rate embolization, previously 
shown to be highly predictive of progression to carotid 
thrombosis, appears to be patient dependent rather than 
related to patch type. 


Comparison of primary closure with dacron patch 
angioplasty In earty and late restenosis after carotid 
endarterectomy 


D. J. Gerrard, A. H. Hatrick, R. A. Dourado, H. Patel, 
A. T. Irvine and K. G. Burnand 
St Thomas’s Hospital, London, UK 


Background: The primary closure of carotid arteriotomy has a 
high incidence of intraoperative residual stenosis following 
carotid endarterectomy. 

Methods: Completion angiograms in a consecutive series of 
197 patients undergoing carotid endarterectomy were 
reviewed. All operations were performed under general 
anaesthesia with routine shunt insertion and middle cerebral 
artery transcranial Doppler monitoring. The first 117 patients 
had primary closure of the arteriotomy and the last 80 all had 
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patch closure. An independent radiologist, who was unaware of 
the procedure performed, randomly assessed the mtraoperative 
angiograms. All patients have been followed by 3-monthly 
duplex screening for 1 year. Results were assessed with the x? 
test. 

Results: The stroke and death rate of 7 per cent in the primary 
closure group was significantly higher than the 1 percent stroke 
and death rate in the patched group (P< 0-05). Penoperative 
angiograms scored 0-20 per cent residual stenosis in 75 per 
cent of the primary closures, compared with 89 per cent in the 
patched group (P<0-05). Some 25 per cent of the primary 
closures were considered unsatisfactory, compared with 11 per 
cent of the patched closures. Restenosis greater than 50 per 
cent at l year was significantly higher in the primary closure 
group (33 versus 19 per cent; P<0-05). 

Conclusion: Patch closure results in a better technical result 
than primary closure, as judged by radiological appearance, and 
reduces the overall stroke and death rate. Restenosis is 
significantly lower at 1 year. 


Vein interposition grafting is a safe and durable method 
of repalring carotid arteries that are not sultable for 
standard endarterectomy 


C. Lauder, A. R. Naylor and P. Hayes 
Lercester Royal Infirmary, Leicester, UK 


Background: Standard carotid endarterectomy (CEA) and 
patch angioplasty 1s an effective method of reducing the risk 
of stroke associated with carotid atherosclerosis. If the poster- 
ior wall of the carotid artery becomes excessively thinned 
following endarterectomy, or the vessel is exceptionally 
tortuous, this standard approach to repair is not always 
appropriate. A different approach may also be necessary when 
an existing carotid patch becomes infected. In a number of 
these cases the authors have utilized a vein interposition graft to 
repair the vessel. This study examined the safety and durability 
of this procedure. 

Methods: During the 5-year study, a standard operative 
protocol was followed including rouune shunting and peri- 
operative monitoring. All data were collected prospectively. 
Long saphenous vein harvested from the groin was used as a 
graft. Patients were entered into a regular duplex graft 
surveillance programme. 

Results: Forty patients had a vein graft inserted (4-3 per cent of 
all CEAs performed). Age, sex and presentation were not 
significantly different from those in patients undergoing 
routine CEA. There were no vein graft ruptures or deaths. 
The 30-day any stroke or death rate was 5 per cent. The 
operation was not significantly lengthened relative to standard 
CEA. The median length of follow-up was 29 (range 4- 
48) months. Five patients required subsequent angioplasty to 
treat stenosis in the graft of more than 70 per cent, this 1s 
significantly higher than with standard CEA (P<0-001). One 
patient developed an asymptomatic occlusion. At 1-year 
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follow-up, 11 per cent of patients had a stenosis greater than 70 
per cent, and at 2 years this was 6 per cent. 

Conclusion: Interposition vein grafts can be used safely to 
repair the carotid artery when the standard technique does not 
appear appropriate. There is an increased rate of restenosis in 
this group and patients therefore require regular duplex 
surveillance of the graft. 


Assessment of degree of internal carotid artery stenosis 
based on duplex velocity measurements using an 
artificial neural network 


R. Mofidi, A. Brabazon, T. Powell, C. Hurson, S. Sheehan, 
D. Mehigan, D. MacErlaine and T. V. Keaveny 

St Vincent’s Unrversity Hospital and University College Dublin, 
Ireland 


Background: Duplex imaging is increasingly used as a stand- 
alone investigation before carotid endarterectomy. There is 
concern regarding the wide variation in diagnostic methods of 
grading internal carotid artery (ICA) stenosis using duplex 
velocity criteria. The aim of the study was to design an artificial 
neural network (ANN) that is able to provide a measure of the 
degree of ICA stenosis based on the four most commonly used 
duplex velocity profiles. 

Methods: One hundred and four consecutive patients who were 
admitted for assessment of carotid occlusive disease were 
included. All patients underwent arch injection digital sub- 
traction angiography and carotid duplex ultrasonography. 
Peak systolic velocity (PSV) and end-diastolic velocity (EDV) 
in the ICA and common carotid artery (CCA) were measured. 
The degree of angiographic stenosis was measured by two 
blinded investigators. A three-layered perceptron ANN was 
constructed using the NeuroSolutions”™ version 1 software 
program (NeuroDimension, Gainesville, FL, USA). The 
accuracy of the model in predicting the degree of ICA stenosis 
was expressed as the mean squared error (MSE) of the actual 
degree of angiographic stenosis. The performance of the neural 
network model was compared with that of the linear regression 
model at predicting the degree of ICA stenosis and classifying a 
degree of ICA stenosis greater than 50 per cent. 

Results: One hundred and sixty-eight carotid bifurcations 
were available for analysis. The MSE of the ANN at predicting 
the degree of ICA stenosis was 0-096 (overall accuracy of 84 per 
cent), which was superior to a linear regression model (MSE 
0-132; overall accuracy 73 per cent) (P<0-001). Both models 
were equally accurate at identifying a degree of ICA stenosis 
greater than 50 per cent (ANN accuracy 0-91 versus regression 
model accuracy 0-89; P= 0-09). 

Conclusion: Neural network algorithms are able to predict the 
degree of ICA stenosis with reasonable accuracy and outper- 
form hnear regression analysis on the basis of a limited set of 
duplex velocity measurements. With further refinement, ANN 
models could replace duplex criteria in assessment of the 
degree of ICA stenosis. 
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Jugular venous neurone-specific enolase and s-100 
levels after carotid endarterectomy under local or 
general anaesthesla 


S. M. Wijeyaratne, J. Cruickshank, M. Collins, J. Barth, 
S. Homer Vanniasinkam, A. I. D. Mavor and M. J. Gough 
General Infirmary, Leeds, UK 


Background: Previous studies using near infrared spectroscopy 
have indicated that carotid endarterectomy (CEA) performed 
under local anaesthesia (LA) preserves cerebral cytochrome 
oxidase and autoregulation compared with surgery under 
general anaesthesia (GA). The hypothesis that LA offers a 
degree of protection against ischaemic cerebral injury has thus 
been investigated by measuring ipsilateral jugular venous 
neurone-specific enolase (NSE; a glycolytic enzyme released 
from injured neurones) and s-100 (a protein released from glial 
cells) during and after CEA. 

Methods: Sıxteen patients with symptomatic 70-99 per cent 
carotid stenosis were randomized (with ethics committee 
approval) to CEA with either LA (n=7; mean stump pressure 
48.5 (range 37-80) mmHg; none of seven shunted) or GA 
(n=9; mean stump pressure 49.1 mmHg; five of nine shunted). 
Jugular venous samples were assayed for NSE and s-100 
concentration (immunoluminometric assay) before carotid 
clamping, 5 min before and 5 min, 2, 4, 6, 8, 12 and 24h after 
clamp release. 

Results: There were no neurological complications. Median 
(range) levels of s-100 were low and did not increase from 
baseline levels (GA 0-10 (0-08-0-11) gl’, LA 0-13 (0-12- 
0-17) pg I’) in either group . Preclamp NSE levels were similar 
in both groups (LA 17-6 (15-2-20:7)ygl" versus GA 21-5 
(11-3-26-2) gl’; P=0-37). Peak levels occurred at 2h and 
were significantly higher in patients having GA (48-2 G14- 
61-3) versus 25-5 (16-6-27-8) ug l"; P= 0-05, Mann-Whitney U 
test). Furthermore, the increase from baseline in patients 
having GA was also significant (P=0-04) and NSE levels 
were higher at all time points up to 12 h, returning to baseline 
at 24h. 

Conclusion: These results suggest that CEA performed under 
LA is associated with reduced cerebral ischaemic injury 
compared with GA, and are consistent with niroscopic data 
indicating improved cerebral oxygenation in these patients. 
Furthermore, NSE would seem to be a more sensitive marker 
of cerebral injury than s-100. 


A carotid POSSUM model for predicting death 


G. Kuhan, D. Prytherch, G. L. Sutton, S. P. Payne, 

I. Chetter, A. Abidia and P. T. McCollum 

Hull Royal Infirmary, Hull and Queen Alexandra Hospital, 
Portsmouth, UK 

Background: Risk adjustment to allow for differences in case 
mix aids comparative audit of carotid endarterectomy (CEA). 
The aim of this study was to test the predictive accuracy 
of P-POSSUM (Physiological and Operative Severity 
Score for the enUmeration of Mortality and morbidity 
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~- Portsmouth predictor equation for mortality) and 
V-POSSUM (P-POSSUM-based model for vascular surgery) 
and to develop a procedure-specific model for CEA. 

Methods: A total of 709 CEAs performed in two vascular units 
from 1992 to 2000 were analysed. The physiological and the 
operative severity scores were calculated; the outcome used was 
30-day mortality. Predicted mortality was calculated using 
P-POSSUM, V-POSSUM and V-POSSUM (physiology 
only = PS) equations. The observed and the predicted mortality 
were compared. The new model was developed on a set of 350 
CEAs and validated on 359 CEAs. The data sets of the two units 
were combined and split into two by the procedure date order. 
The predictive accuracy of the model was analysed with the x? 
test, 


Results: 





P-POSSUM and V-POSSUM models showed lack of fit in 
predicting death. 





There was no evidence of any lack of fit in the new model. 
Conclusion: P-POSSUM and V-POSSUM overpredict mor- 
tality and are unsuitable for the comparative audit of 
CEA. Procedure-specific models based on P-POSSUM can 
accurately predict death. 


Endovascular intervention compared with carotid 
endarterectomy 


J. D. Beard, T. Cleveland, P. A. Gaines and R. Lonsdale 
Northern General Hospital, Sheffield, UK 


Background: Endovascular intervention has only recently been 
used for the treatment of carotid disease. The 30-day outcome 
of 226 endovascular carotid interventions for atherosclerosis 
performed since August 1993 is presented. 

Methods: All patients were symptomatic apart from four (2 per 
cent) who underwent intervention before coronary artery 
bypass. The last presenting symptom was transient ischaemic 
attack (TIA) (40 per cent), amaurosis fugax (31 per cent), retinal 
artery occlusion (3 per cent) and stroke (24 per cent). A 
moderate stenosis (50-69 per cent; North American 
Symptomatic Carotid Endarterectomy Trial technique) was 
present in 24 patients (11 per cent), a severe stenosis (70-95 per 
cent) in 144 (64 per cent), and a preocclusive stenosis (more 
than 95 per cent) in 58 (26 per cent). The contralateral internal 
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carotid artery was significantly diseased (greater than 
cent) or occluded in 65 patients (29 per cent). All patients were 
pretreated with aspirin; 5000 units heparin and 1-2 mg i 
were given during the procedure. Initially, stents were 
for treating residual stenosis after angioplasty (16 of 108 
procedures). Later, a change was made to primary stenting (116 
procedures). A femoral approach was used for all patients. 
Results: At 30 days there were four deaths (2 per cent) and ei 
disabling strokes (4 per cent) (death and disabling stroke rate 3 
per cent; death and all-strokes rate 8 per cent). For angioplasty 
and selective stenting the death and disabling stroke rate and 
the death and all-strokes rate were 6 and 9 per cent respectively, 
compared with 5 and 8 per cent for primary stenting (P not 
significant). However, there was a significant difference 
between the incidence of all adverse events G1 versus 11 per 
cent) asa result of fewer TIAs associated with primary stenting. 
During the same interval, 300 carotid 
(similar indications and severity of disease) were performed. 
There were six deaths (2 per cent) and eight disabling strok 
per cent) (death and disabling stroke rate § per cent; death an 
all-strokes rate 6 per cent). The compli 
endovascular intervention and conventional endarterectomy 
seem to be improving with time. 

Conclusion: These data confirm the feasibility of endowas 
carotid intervention and highlight the need for a 
randomized trial comparing it with conventional sur 
The benefit of stents and cerebral protection systems 
requires further investigation. 
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Interleukin 6 and the prognosis of abdominal aortic 
aneurysms 


K. G. Jones, L. C. Brown, D. J. Brull, $. E. Humphries, 
R. M. Greenhalgh and J. T. Powell 

Imperial College at Charing Cross and The Rayne bnstitute, 
University College, London, UK 





Background: Abdominal aortic aneurysm (AAA) is a fami 
disorder, inflammation being an important pathophysiological 
feature. Increased plasma concentrations of the inflammatory 
cytokine interleukin (IL) 6 have been associated with AAA ar 
early aortic dilatation. This study was designed to test the 
hypothesis that high concentrations of plasma IL-6 and/or H- 
6 genotype predict rapid AAA growth. 

Methods: Genomic DNA from 466 patients, kept under 
ultrasonographic surveillance for small AAAs, was analysed 
for a G to C polymorphism at position ~174 of the IL-6 
promoter. Baseline plasma IL-6 concentration was measured 
by enzyme-linked immunosorbent assay and AAA growth rates 
were calculated by linear regression. 

Results: The median concentration of plasma IL-6 was BA 9 
(range 0-604) pg mi~. IL-6 concentration was not assoc 
with aneurysm growth rate. The frequency of the C allel 
0-40, similar to that in the healthy population. Patients of GG 
genotype had a lower plasma concentration of IL-6 than 
patients of either GC or CC genotype (median 1-9. 4-8 and 
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15-6pg mI! respectively; P= 0-047, Kruskal-Wallis test). The 
AAA growth rate for patients of GG, GC and CC genotypes 
was 0.38, 0.36 and 0-36cm per year respectively (P=0-37). 
Mortality was lower for patients of GG genotype than for those 
with GC or CC genotype: hazard ratio 0-51 (95 per cent 
confidence interval (c.i.) 0-25-1-00), P= 0-05; and 0-32 (95 per 
cent c.i. 0-12-0-93), P= 0-036, for all-cause and cardiovascular 
mortality respectively. 

Conclusion: Genetic polymorphism is associated with clinical 
events in patients with an AAA. The G to CIL-6 polymorphism 
at position -174 predicts future cardiovascular mortality. 
Neither plasma IL-6 concentration nor IL-6 genotype predicts 
AAA growth. 


ischaemic preconditioning before lower limb 
ischaemia-reperfusion protects against acute lung 
injury 

D. W. Harkin, A. A. B. Barros D’Sa, K. McCallion, 

R. Baker, M. Hoper and F. C. Campbell 

Royal Victoria Hospital and Queen’s University of Belfast, 
Belfast, UK 

Background: Ischaemic preconditioning (IPC) of skeletal 
muscle, by exposing it to repeated brief periods of ischaemia 
and reperfusion (I-R) before a subsequent longer ischaemic 
period, protects against local damage on reperfusion. In a large 
animal model of hindlimb I-R it was hypothesized that 
hindlimb IPC would attenuate the systemic inflammatory 
response syndrome and prevent acute lung injury associated 
with limb reperfusion injury. 

Methods: Anaesthetized ventilated swine (six per group) were 
used throughout. After midline laparotomy, animals were 
randomized to the following three groups: bilateral external 
iliac artery occlusion for 120 min, followed by reperfusion for 
180 min (I-R group); IPC (three cycles of § min ischaemia, then 
5 min reperfusion of both external iliac arteries) followed by 
bilateral external iliac artery occlusion for 120min and 
reperfusion for 180min (I-R+IPC group); or laparotomy 
alone (control group). Acute lung injury was assessed by 
invasive pulmonary artery pressure (PAP) measurement, 
arterial to alveolar (A-a) oxygen gradient, lung tissue wet: dry 
weight ratio, and lung myeloperoxidase (MPO) concentration. 
Results: 









Control LR LR+IPC 

27919) 42-0(4-6)§ 340-8 
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Values are *mean(s.e.m.) (compared with Student's z test) or tmedian 
(interquartile range) (compared with Mann-Whitney L test). $P<0-05, 
§P< OOL versus control group; GP< 0-01, *P<0-05 versus 1-R 


Conclusion: Lower limb I-R induces systemic inflammation 
and acutely impairs oxygen transport associated with lung 
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neutrophi) sequestration. IPC attenuates acute pulmonary 
hypertension, impairment of oxygen transport, oedema and 
leucosequestration in planned lower limb I-R. 


An endothelin type A receptor antagonist inhibits 
neointimal hyperplasia and increases luminal area in 
porcine vein grafts 


R. A. Bulbulia, F. C. T. Smith, P. M. Lamont, R. N. Baird, 
G. D. Angelini, J. Y. Jeremy, A. Yim and S. Wan 

Bristol Royal Infirmary, Bristol, UK and Prince of Wales 
Hospital, Lowloon, Hong Kong 


Background: Neointimal hyperplasia is responsible for the 
majority of cases of vein graft failure. To date, no pharmaco- 
logical intervention has proved successful in preventing this 
process in humans. Endothelin (ET) 1 is a potent vasocon- 
strictor and promotes the proliferation of vascular smooth 
muscle cells j» vitro. The authors have shown previously that 
porcine vein grafts contain high levels of ET-1 and ET type A 
(ETa) receptor subtypes. The aim was to investigate the effect 
of an ET, receptor antagonist, BSF 302146, on luminal area 
and graft wall dimensions in a porcine model of arteriovenous 
bypass grafting. 

Methods: Bilateral saphenous vein—carotid artery interposition 
grafting was performed in two groups of Large White pigs (26— 
32kg; n=5 per group). BSF 302146 (10 mgkg` day!) was 
administered orally to animals in group 1; group 2 animals 
acted as controls. After 4 weeks the grafts were explanted and 
pressure-fixed ex vivo. Histological sections were obtained and 
graft dimensions assessed by means of computer-aided 
planimetry. 

Results: BSF 302146 significantly reduced both neointimal 
hyperplasia and media! thickening, and increased luminal area 
by 77 per cent. 










‘Luminal area (n 
Neointimal thickness (mm 
Medial thickness (mm) 


Values are mean(s.e.m.); 7 = 10, *P< 0-001 (paired + test) 


Conclusion: The ET 4 receptor antagonist BSF 302146 inhibits 
neointimal hyperplasia and increases luminal area in a porcine 
model of saphenous vein bypass grafting. 


Cyclo-oxygenase 1 and 2 expression is augmented in 
symptomatic carotid plaques 


S. M. Wijeyaratne, C. R. Abbott, S. Homer Vanniasinkam, 
A. L D. Mavor and M. J. Gough 
General Infirmary, Leeds, UK 


Background: Macrophage accumulation and increased metal- 
loproteinase levels within carotid plaques are associated with 
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plaque instability. Production of the latter by macrophages and 
vascular smooth muscle cells (VSMCs) is promoted by 
prostaglandins synthesized following the action of cyclo- 
oxygenase (COX) on arachidonic acid. 

Methods: Expression of the isoenzymes COX-1 and COX-2 
was assessed in carotid plaques removed from 12 asymptomatic 
patients and 11 patients who had had a neurological event 
within 30days of carotid endarterectomy. Patients were 
matched for age, sex, risk factors and degree of stenosis. For 
each plaque, paraffin sections obtained at 3-mm intervals 
throughout its length were stained with goat antihuman 
antibodies to COX-1 and COX-2. The percentage of the area 
that stained positively was determined within the cap, shoulder 
regions and sclerotic component of the plaques (computerized 
planimetry). 

Resulte: The median (interquartile range) percentage area 
staining for COX-1 (symptomatic versus asymptomatic) was: 
cap 8-37 (4-38-13-65) versus 1-07 (0-31-4-51) per cent, 
P<0-0006; shoulder 11-76 (3-02-29-48) versus 1-41 (0-73- 
2-70) per cent, P<0-0026; sclerotic component 0-08 
(0-02-0-54) versus 0-06 (0-04-0-24) per cent, P<0-4. Values 
for COX-2 were: cap 9-62 (4-87—12-50) versus 0-27 (0-02-2-41) 
per cent, P<0-0001; shoulder 11-45 (2-34-24.16) versus 0-44 
(0-02-2-97) per cent, P<0-0038; sclerotic component 1-36 
(0-24-2-61) versus 0-06 (0-02-0-49) per cent, P<0-0081. 
Further, COX-2 expression was greater than COX-1 staining 
in the sclerotic component of the plaques (P<0-05, Mann- 
Whitney U test). 

Conclusion: Plaques that had recently become symptomatic 
exhibited increased COX-1 and COX-2 expression, particu- 
larly in the cap and shoulder regions. Such changes would 
increase macrophage and VSMC metalloproteinase produc- 
tion (collagenolysis) and reduce collagen synthesis by VSMCs. 
Such events are likely to promote plaque instability or rupture. 
These findings suggest that COX-1 and COX-2 mhibitors 
might have a therapeutic role in the prevention of further 
neurological events. 


Angiogenesis In carotid atherosclerosis: the 
association with morphological features of plaque 
Instabllity 


R. Mofidi, P. McCarthy, S. J. Sheehan, D. Mehigan, 

T. Crotty and T. V. Keaveny 

St Vincent’s University Hospital, Dublin, Ireland 

Background: Intimal angiogenesis is a recognized feature of the 
atherosclerotic process. It has been described in the context of 
unstable coronary atherosclerouc lesions. The aims of this 
study were to assess the association between angiogenesis in 
atherosclerotic plaques and microscopic features of plaque 
instability, in particular intraplaque haemorrhage. 

Methods: Consecutive patients undergoing carotid endarter- 
ectomy for carotid stenosis were included in the study. 
Endarterectomy specimens were examined and divided into 
their constituent atherosclerotic lesions. Histological sections 
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were prepared and stained with haematoxylin and eosin, and 
immunohistochemically with an endothelial cell marker 
(CD34). Each lesion was classified according to the American 
Heart Assoctation classification of atherosclerotic lesions. The 
size of plaque haemorrhage was measured in transverse 
histological sections using computerized image analysis. 
Haemorrhagic lesions were classified according to the size of 
haemorrhagic area (under 50 per cent of section area; over 50 
per cent of section area). Microvessel counts were performed in 
CD34-stained sections at X 400 magnification and were 
verified with computerized image analysis. The Kruskal- 
Wallis test was used to study the differences in microvessel 
count in different atherosclerotic plaque types. 

Results: A total of 239 atherosclerotic lesions from 73 patients 
was available for analysis, of which 73 were early lesions, 74 
were raised fibroatheromas and 92 were unstable atherosclero- 
tic plaques. One hundred and fifty lesions were not haemor- 
rhagic; 89 exhibited intraplaque haemorrhage, of which 28 
involved less than 50 per cent of the plaque section area. In 61 
lesions the haemorrhage area was over 50 per cent of the section 
area. There were higher microvessel counts in plaques 
containing more than 50 per cent haemorrhage (median 277 
(range 43-467)) compared with those containing less than 50 
per cent (172 (57-372)) and non-haemorrhagic plaques (81 (7- 
389)) (P< 0-0001). Higher microvessel counts were observed ın 
unstable atherosclerotic lesions (median 252 (range 43-467), 
compared with stable fibroatheromas (106 (14-302)) and early 
atherosclerotic lesions (55 (7=237)) (P< 0-0001). 

Conclusion: There are strong associations between plaque 
vascularity and presence and size of haemorrhage within 
atherosclerotic lesions, as well as features of plaque instability. 
This finding highlights the likely significance of these new 
blood vessels in the development of plaque instability and 
subsequent risk of stroke. 


Randomized controlled trial of acute normovolaemic 
haemodilution In aortic aneurysm repalr 


L. Wolowczyk, R. A. Bulbulia, A. Stewart, M. Nevin, 
A. Day, F. C. T. Smith, R. N. Baird and P. M. Lamont 
Bristol Royal Infirmary, Bristol, UK 


Background: Previous studies have suggested that acute 
normovolaemic haemodilution (ANH) reduces the need for 
heterologous blood transfusion in abdominal aortic aneurysm 
(AAA) surgery and may thus improve postoperative outcome by 
reducing the systemic inflammatory response. Controlled 
studies are lacking. The aim of this randomized controlled 
trial was to evaluate the effects of ANH on the systemic 
inflammatory response, clinical outcome and use of bank blood 
after AAA repair. 

Methods: Patients undergoing elective AAA repair were 
randomized to ANH (#=16) or control (n=18) groups. 
Intraoperative cell salvage and heterologous blood were used 
in both groups according to predetermined transfusion 
triggers. Inflammatory markers in serum and urine were 
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measured to assess the acute-phase response. Clinical outcome 
was determined using mortality, morbidity and the incidence of 
the systemic inflammatory response syndrome (SIRS). 
Results: There was no difference between the ANH and 
control group in serial measurements of median (range) white 
cell count (maximum at 2 days after operation: 11-9 (7-7-21-4) 
versus 10-3. (7-8-20-6) x 10°F !; P=0-25), serum C-reactive 
protein level (maximum at 3 days: 150 (1-274) versus 169 (7- 
238) mg ml’; P=0.76), interleukin 6 level (maximum at 6h: 
142 (32-793) versus 105 (29-509) pgml'; P=0-89), total 
antioxidant capacity (lowest at Ih: 0-83 (0-67-1-22) versus 
0-83 (0-68~1-23) mmol r! P=0.45) or urinary albumin/crea- 
tinine ratio (maximum at 30 min after clamp release: 41 (2-923) 
versus 124 (4-376) mg mlt; P=0-10). SIRS was observed in ten 
of 16 patients having ANH and in 11 of 18 control patients 
(P= ()-99), There was no significant difference in mortality and 
morbidity between the groups. Similarly, there was no 
difference in median (range) blood loss (ANH 1800 (400- 
12 000) ml versus control 1600 (S00-7500) ml; P= 0-55), use of 
cell salvage (600 (0-4740) versus 520 (0-2420) ml; P = 0-60) or 
heterologous blood transfusion (2 (0-32) versus 2 (0-9) units; 
P =().68). 

Conclusion: In the setting of a randomized controlled 
trial ANH added no additional benefit, when used in 
combination with cell salvage, in reducing the requirements 
for heterologous blood transfusion, and made no impact on 
systemic inflammatory response and clinical outcome after 
AAA repair. 


Aneurysm-related mortality during late follow-up after 
endovascular aneurysm repair of infrarenal aorta 


S. R. Vallabhaneni, P. L. Harris, G. L. Gilling-Smith and 
R. Laheij on behalf of the EUROSTAR collaborators 
Royal Liverpool University Hospital, Liverpool, UK 


Background: Aneurysm-related mortality (ARM) accounts for 
around 1-5 per cent of all deaths following open aneurysm 
repair. The incidence of ARM following endovascular 
aneurysm repair (EVAR) is unknown. The aim was to examine 
all causes of death, including ARM, during late follow-up after 
EVAR. ARM was defined as death resulting directly from 
rupture of the repaired aneurysm or another complication of 
the aneurysm, more than 30 days after repair, or death within 
30 days of a secondary intervention undertaken solely to rectify 
a complication of repair. 

Methods: Preoperative and follow-up data on 2194 patients 
from 88 European centres were collected prospectively on to a 
database. Survival up to 48 months after EVAR was analysed by 
means of Kaplan-Meier survival analysis. The causes of death 
during this period were noted. 

Results: There were 161 deaths between 1 and 48 months after 
EVAR. The cumulative rate of secondary intervention for this 
cohort at 4 years was 33 per cent. The causes of death were: 
cardiac 28-6 per cent, malignancy 18-6 per cent, cerebrovas- 
cular 6-8 per cent, respiratory 3-1 per cent, renal 1-8 per cent, 


British Journal of Surgery 2001, 88, 598-622 www.bjs.co.uk 


other 22-3 per cent and ARM 11-8 per cent. There were 19 
deaths from aneurysm-related causes. Nine patients died 
following proven rupture of the aneurysm, three died from 
presumed rupture of the aneurysm and a further seven died 
following late conversion (three patients), graft sepsis (two) and 
secondary intervention (two). Sudden death of uncertain cause 
occurred in ten patients in whom rupture of AAA was a 
possibility. 

Conclusion: Non-aneurysm-related causes of death were 
comparable to those in published reports of survival after open 
repair. However, the proportion of aneurysm-related deaths 
(11-8 per cent) was appreciably higher than that reported after 
open repair. These results may reflect the learning curve 
experience of the teams involved in the study, but continued 
caution is advisable regarding expectations of outcome 
following EVAR. 


Autologous or homologous transfusion in aortic 
surgery: randomized trial 


F. Torella, J. C. L. Wong, S. L. Haynes and C. N. McCollum 
South Manchester University Hospital, Manchester, UK 


Background: Acrtic surgery often requires blood transfusion, 
which may cause complications and postoperative infection. 
Autologous transfusion was evaluated in a multicentre clinical 
trial. 

Methods: Some 145 patients undergoing elective aortic surgery 
in eight hospitals were randomized to either ‘homologous’ or 
‘autologous’ transfusion, a combination of acute normovolae- 
mic haemodilution (ANH) and intraoperative cell salvage. 
Homologous biood was administered when the haemoglobin 
concentration fell below 8 gdl”. 

Results: Median (interquartile range (i.q.r.)) blood loss was 668 
(400-862) ml or 17 (10-24) per cent of blood volume in 
aortobifemoral bypass, and 1120 (765-1700) ml or 24 (17-36) 
per cent in aneurysm repair (P < 0-001). Autologous transfusion 
reduced homologous blood requirements from a median (i.q.r.) 
of 2 (0-4)units to 0 (0-2)units (P=0-008). Independent 
predictors of blood transfusion were homologous transfusion 
strategy (odds ratio (OR) 2-3 (95 per cent confidence interval 
1-1-5-0); P= (0-03), low preoperative haemoglobin concentra- 
tion (OR 3-7 (1-7-8-2); P < 0.001), prolonged surgery (OR 2-1 
(1-0-4.8); P= 0-05) and blood loss (OR 3-0 (1-4-6-5); P = 0-007). 
Patients with a preoperative haemoglobin concentration 
greater than 13.5 gdl°! and who lost less than 20 per cent of 
their blood volume rarely required transfusion. There was no 
significant difference between the groups in terms of morbid- 
ity, mortality and postoperative hospital stay. 

Conclusion: Autologous transfusion reduced the need for 
homologous blood in aortic surgery, but was useful only in 
patients with low haemoglobin levels or when blood 
loss exceeded 20 per cent of the blood volume. ANH alone 
is indicated for patients undergoing aortobifemoral bypass 
and in those with a higher haemoglobin level and blood 
volume. 
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More venous leg ulcers are healed by three-layer than by 
four-layer paste bandages: a randomized clinical trial 


F. J. Meyer, K. G. Burnand, C. L. McGuiness, 

N. R. F. Lagattolla and D. Eastham 

St Thomas’s Hospital, London, UK 

Background: The aim of this study was to compare prospec- 
tively the number of ulcers healed, time to total healing and 
bandage tolerability of three- and four-layer paste bandages. 
Methods: All patients with clinical evidence of venous ulcera- 
tion were considered for the study. Ulcers were stratified by 
size into one of three groups and patients were randomized 
within each group to receive either three- or four-layer paste 
bandages. Patients with diabetes, sickle-cell disease, ankle: 
brachial pressure index less than 0-9, positrve autoimmune 
serology, or ulcers smaller than 0-25 cm’ or larger than 100 cm? 
in diameter were excluded. Complete ulcer healing was the 
only study endpoint. A venous aetiology was confirmed with 
duplex imaging, foot volumetry and venography. All patients 
were followed for 1year and classified according to clinical 
manifestations, etiological factors, anatomic involvement and 
pathophysiological features (CEAP) criteria. 

Results: A total of 133 patients was entered into the study; 80 
per cent of patients (51 of 64) receiving three-layer bandages 
healed, compared with 65 per cent of those (45 of 69) having 
four layers (P< 0-05, x? test). This difference was apparent only 
after 16-20 weeks of treatment. The time to total healing 
increased with increasing ulcer size. Three-layer paste 
bandages were quicker to apply and better tolerated than four 
layers. There were more post-thrombotic legs in the four-layer 
group (46 versus 38 per cent), but half-refilling times did not 
differ significantly. These results were unaffected when 
analysis was restricted to confirmed venous ulcers. 
Conclusion: Three-layer paste bandages are significantly more 
effective at healing venous ulcers than four-layer bandages. 
They are also cheaper and better tolerated. Some 20-35 per 
cent of venous ulcers remain unhealed at 1year despite 
adequate compression. 


Prognosis following venous thromboembollsm in 
women taking combined oral contraceptives 


A. Egun, A. Uzoigwe, G. Riding and C. N. McCollum 
South Manchester University Hospital, Manchester, UK 


Background: It is widely believed that ‘post-thrombotic limb’ 
always follows deep vein thrombosis (DVT). Prognosis 
following both DVT and pulmonary embolism (PE) was 
investigated. 

Methods: Some 155 women (mean age 25.5 (range 16- 
49) years) who developed venous thromboembolism while 
taking third-generation oral contraceptives were studied. The 
venous system was assessed by duplex imaging a mean of 
4.8 years after DVT. 

Results: Fourteen (15 per cent) of 96 women suffering PE died. 
Of the 82 surviving patients, 12 (15 per cent) had chest pain 
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and/or dyspnoea at rest or on exertion. Of the 103 women with 
confirmed DVT, 59 (57 per cent) had had only calf thrombosis 
and 44 (43 per cent) had had iliofemoral vein thrombosis. At 
follow-up, 13 (22 per cent) and 21 (48 per cent) women with calf 
and iliofemoral thrombosis respectvely had leg symptoms, 
including swelling, pain and lipodermatosclerosis (P=0 011). 
Duplex imaging was normal in 60 patients (58 per cent). There 
was no significant difference in leg symptoms (31 versus 34 per 
cent) or incompetence on duplex imaging (41 versus 42 per 
cent) between those who were anticoagulated for 3 months 
(n=39) or 6 months (n = 64) respectively. Leg symptoms were 
more frequent in the 41 women with DVT discharged without 
elastic stockings, affecting 19 (46 per cent) compared with only 
15 (24 per cent) of 62 discharged with stockings (P= 0-034). 
Conclusion: The majority of women regained venous patency 
and became asymptomatic, despite extensive DVT. Elastic 
stockings were often omitted despite the evidence of long-term 
benefit. 


Improvement in walking ablilty, ankle pressure indices 
and quality of life in vascular claudication using 
intermittent pneumatic foot and calf compression: a 
randomized controlled trial 


K. T. Delis, A. N. Nicolaides, N. J. W. Cheshire and 

J. EL N. Wolfe 

St Mary’s Hospital, London, UK 

Background: Perioperative mortality, graft failure and limita- 
tions of balloon angioplasty mitigate agamst active interven- 
tion for claudication. With the exception of exercise 
programmes, conservative treatments yield modest results. 
Intermittent pneumatic compression (IPC) of the foot used 
daily for over 3 months enhances significantly the walking 
ability and pressure indices of stable claudicants. This 
prospective randomized study evaluated the effects of IPC of 
the foot and calf simultaneously (PChot+ cals) on the wallang 
ability, arterial haemodynamucs and quality of life of patients 
with intermittent claudication. 

Methods: Forty-one stable claudicants, meeting stringent 
inclusion and exclusion criteria, were randomized to receive 
either IPChrot+ ca and 75 mg aspirin (group 1; 7 =21) or 75 mg 
aspirin alone (group 2; 7=20), with stratification for diabetes 
and smoking. Groups matched for age, sex, initial (CD) and 
absolute (ACD) claudication distance, ankle : brachial pressure 
index (ABPI), popliteal artery flow (Q) and quality of life (Short 
Form (SF) 36 questionnaire). [PCfoor calf (120 mmHg, three 
cycles per min, inflauon 4s, proximal inflate delay 1 s) was used 
for 2-5 h daily for 5 months consecutively. Both groups were 
advised to exercise unsupervised. Evaluation of patients, after 
randomization, included: (a) ICD and ACD on a treadmill, (b) 
resting and postexercise ABPIs, (c) Q using duplex imaging, 
and (d) quality of life. Study time-points were: baseline and 1, 2, 
3, 4, 5 and 17 months. Compliance was assessed by means of a 
log book. Non-parametric statistical analysis was used 
(Wilcoxon and Mann-Whitney tests). 
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Results: After 5 months of [PCysorcaip median ICD, ACD, 
resting and postexercise ABPI in group | increased by 197, 212, 
17 and 64 per cent (all P< 0-001) respectively; changes in group 
2 were all non-significant (P > 0-1). On intergroup comparison 
at § months, patients in group | were better than those in group 
2 in terms of ICD, ACD, resting and postexercise ABPI (all 
P<0.01). Q changes within this period were not significant in 
either group; neither were intergroup Q differences (P> 0-1). 
Associated changes in the quality of life within group 1 at the 
end of month 5 were significant; non-significant changes were 
noted in group 2. At 5 months patients in group 1 enjoyed a 
better quality of life than those in group 2 (P<0-01). 
TPCioors ca use did not result in any complications. The daily 
TPC hoor scalp Compliance (2-5 h per day) was greater than 82 per 
cent in the first month and greater than 85 per cent in months 
2-5, One year after the end of IPCy,.,.. car application, patients 
in group | maintained the improved ABPI and walking benefit. 
Conclusion: [PCy scar emerged as an effective, high-com- 
pliance, uncomplicated method for improving the walking 
ability and pressure indices in patients with stable claudication, 
with a confirmed durable outcome. These changes are 
associated with a significant improvement in all aspects of 
quality of life evaluated by the SF-36. Despite a limited benefit 
noted in some individuals, unsupervised exercise had a non- 
significant impact overall. 


Randomized controlled trial of four-layer bandaging and 
simple venous surgery for venous ulceration 


M.G. Guest, J. J. Smith, R. M. Greenhalgh and A. H. Davies 
Charing Cross Hospital, London, UK 


Background: No randomized controlled trials exist to show 
whether simple venous surgery benefits healing or mainte- 
nance of healing of venous ulcers. 

Methods: Some 121 consecutive patients with new episodes of 
venous ulceration were identified; 45 patients were unfit or 
unwilling for randomization. The remaining 76 39 women) 
were assigned randomly to received a four-layer bandage 
(n =39) or simple venous surgery (# = 37). All patients were 
followed for a minimum of 6 months. Outcome was assessed at 
a minimum of 6 months as healing and health-related quality of 
life (HRQL). 

Results: The two groups had similar co-morbidity and pattern 
of venous incompetence. There were no major complications 
in either group. The healing rate was 64 per cent (25 of 39) in 
the conservatively treated group and 68 per cent (25 of 37) in 
the operated group (P=0-75, Pearson y” test). There was no 
significant difference between time to ulcer healing in the two 
treatment groups (log rank statistic = 0-69, P = 0-41). Patterns of 
venous incompetence did not affect the healing rate. There 
were no major differences in HRQL between the two groups. 
Conclusion: This pilot study suggests that simple venous 
surgery gives no adjuvant benefit to four-layer bandaging in 
venous ulceration from the point of view of healing rate and 
quality of life. 
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Evaluation of duplex ultrasonography versus other 
investigations in the diagnosis of ‘venous aetiology’ in 
patients with leg ulcers 


S. Drinkwater, C. McGuinness, S. Lockhart and 
K. Burnand 
St Thomas's Hospital, London, UK 


Background: The aim was to compare duplex imaging, 
venography, foot volumetry and air plethysmography in 
patients with healed leg ulcers considered to be caused by 
venous disease to discover whether duplex scanning alone 
could confirm a venous aetiology. The importance of isolated 
reflux in a segment of the deep system below a competent valve 
was assessed. 

Methods: A total of 125 patients with 153 healed leg ulcers was 
examined. An Acuson (Mountain View, California, USA) 
scanner was used to detect reflux lasting for more than 0-5 s in 
the deep, superficial and calf perforating veins; the findings 
were compared with those obtained with ascending venogra- 
phy, foot volumetry and air plethysmography. 

Results: 








Isolated superficial reflux 
Superficial reflux with incompetent 

“perforating veins : 
Isolated incompetent perforating v veins 





No reflux 





Thirteen legs showed no reflux on duplex imaging, but ten of 
these had abnormal foot volumetry and 12 had abnormal 
plethysmography. Venography showed _ post-thrombotic 
change in 26 legs, but there was evidence of deep venous 
scarring in only six on duplex ultrasonography. Eight of 75 legs 
with a normal venogram had ‘complete’ (thigh-to-calf) deep 
reflux on duplex imaging. Forty-five legs showed segmental 
deep reflux on duplex imaging, of which 29 had associated 
perforating vein incompetence. Mean half-refilling times on 
foot volumetry were 8-46 s for femoral and 5-84 for popliteal 
reflux, compared with 3-845 in the 33 patients who had thigh- 
to-calf reflux (P < 0-05). 

Conclusion: Absence of reflux in all venous segments on duplex 
imaging does not exclude a venous aetiology for ulceration. 
Segmental femoral and popliteal incompetence on duplex 
imaging is usually associated with other sites of valvular 
incompetence, but depresses calf function less than thigh-to- 
calf reflux. 

Chronic venous insufficiency in the general population: 
clinical and duplex correlations 


C. V. Ruckley, C. J. Evans, P. L. Allan, A. J. Lee and 
F. G. R. Fowkes 
University of Edinburgh, Edinburgh, UK 


Background: If operations for chronic venous insufficiency 
(CVI) are to be rational and cost effective, the natural history 
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needs to be understood and patients with early disease who will 
progress to advanced CVI and leg ulcer need to be identified. 
Published data have derived largely from selected referred 
hospital patients. The pattern of venous disease in the general 
population is unknown. The aim was to determine the 
prevalence of CVI in the general population and to correlate 
clinical features with the findings on duplex ultrasonography. 
Methods: A cross-section of men and women aged 18-64 years 
randomly selected from 12 general practices were surveyed. 
Subjects were screened by questionnaire, examination, photo- 
graphy, blood tests and continuous-wave Doppler ultrasono- 
graphy. Eight segments of the deep and superficial veins were 
assessed for reflux by means of duplex ultrasonography. 
Results: Some 1566 patients were screened (867 women of 
mean age 44-8 years and 699 men of mean age 45-8 years), of 
whom 134 were diagnosed as having CVI (Basle classification): 
grade 1, 95; grade 2, 19; grade 3, ten. The age-adjusted 
prevalence for the whole series was 3-1 per cent (2-6 per cent in 
men, 3-4 per cent in women). The prevalence of CVI correlated 
. closely with age, being 15-2 per cent in men aged over 50 years 
and 9-0 per cent in women aged above 50years. Heaviness, 
tension, swelling, aching and itching were significantly 
commoner in patients with CVI than in the general population. 
CVI was significantly associated with reflux in all deep and 
superficial segments. The frequency of reflux in both super- 
ficial and deep segments increased with the clinical severity of 
disease (P=0-01). In 48-1 per cent reflux was limited to the 
superficial system and was thus potentally remediable. 
Conclusion: CVI was common in this relatively young 
population. Having established the frequency of CVI and its 
related pattern of reflux in the general population, this cohort 
provides a benchmark for clinical studies and will form the basis 
of further longitudinal epidemiological studies. 


Surgery for venous Insufficiency: are venous function 
tests necessary? 


A. Bhowmick, A. Picton and C. N. McCollum 
South Manchester Unrversity Hospital, Manchester, UK 


Background: The role of duplex imaging and measurement of 
ambulatory venous pressure (AVP) in the preoperative assess- 
ment of patients with venous insufficiency (VI) and primary 
varicose veins (VV) was investigated. 

Methods: Venous incompetence was confirmed by duplex 
imaging in 58 legs: 38 had VI, demonstrated by eczema, 
oedema or pigmentation, and 20 had VV and normal skin. AVP 
was measured from a cannulated dorsal foot vein before and 
after ten tip-toe exercises. This was repeated following 
occlusion of the superficial veins by narrow tourniquets. 
Pressure relief index (PRI) was calculated as the fall in AVP 
in calf exercise X 90 per cent refilling time in seconds. The 
criterion for superficial vein surgery was doubling of PRI on 
superficial vein occlusion. 

Results: Superficial venous incompetence (SVI) was confirmed 
in all legs with duplex imaging. Deep vein incompetence (DVI) 
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was found in 17 legs (45 per cent) with VI and in two (10 per 
cent) of the VV legs (P=0-012, x? test). Venous function was 
normal (PRI greater than 1000) ın six. Median PRI ın patients 
with VI and VV was 177 and 289, rising to 717 and 1026 
respectively after superficial vein occlusion. Initial PRI was 
significantly lower ın patients with DVI (P<0-001). PRI 
mmproved by 135 per cent ın SVI and by 318 per cent in legs 
with DVI (P=0-01). PRI did not double following superficial 
venous occlusion ın 20 legs (35 per cent) with SVI and ın three 
(16 per cent) with deep incompetence (P= 0-01). 

Conclusion: Clinical examination and duplex imaging alone 
cannot predict who will benefit most from superficial venous 
surgery. AVP measurement rationalizes decision-making and 
may avoid unnecessary operations. 


Scottish Leg Ulcer Project: a randomized trial evaluating 
the implementation of natlonal guidelines 


C. V. Ruckley on behalf of the Scottish Leg Ulcer Trial 
Participants 

Royal Infirmary, Edinburgh, UK 

Background: Innumerable consensus documents and guide- 
lines have been published, but little is known about their 
implementation or impact. Community nurses provide more 
than 80 per cent of the care of patients with chromic leg ulcers. 
Healing rates of 50-74 per cent at 3 months have been reported 
in published trials. Outcomes in the community are largely 
unknown. National guidelines on leg ulcer care were published 
in 1998 by the Scottish Intercollegiate Guideline Network 
(SIGN), which produces evidence-based guidelines using strict 
criteria and methodology. The aim was to evaluate the impact 
of national guidelines, with or without a structured nurse 
training programme, on leg ulcer healing rates in the 
community nationwide. 

Methods: Community healthcare trusts covering a population 
of 2-65 million were divided into 50 geographically and 
administratively distinct localities averaging 53 000 popula- 
tion, which were randomized to either SIGN guidelines 
(control) or guidelines plus a guideline-based nurse training 
programme (intervention). Data were collected from 649 
caseload managers by 3-monthly censuses throughout the 
2-5 years of the project. After a 6-month baseline period, 
guidelines were distributed and an intensive programme of 
training was provided throughout Scotland by a multidisci- 
plinary team in the intervention localities for 51 link nurses, 
who were trained and resourced to cascade their training to 
approximately 1700 community nurses. 

Results: Some 4413 patients with 4984 ulcerated legs were 
registered. The mean age of 77 years was more than a decade 
older than that in published tals. Multiple co-morbidities 
were reported. The response rate from caseload managers was 
99.4 per cent, rising to 100 per cent for the rest of the study. 
Intercensal follow-up was complete for 98-9 per cent of 
patients. The baseline 3-month ulcer healing rate was 30 per 
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cent; it remained the same throughout the subsequent 2 years, 
with no difference between intervention and control groups. 

Conclusion: Neither national guidelines nor an intensive 
training programme made any impact on leg ulcer healing 
rates. The outcomes of leg ulcer care are poor. The delivery of 
care requires reorganization. The impact and implementation 
of consensus statements and guidelines should be evaluated. 


Infralngulnal reconstruction with endoscopically 
harvested saphenous veln 


R. J. Holdsworth 
Stirling Royal Infirmary, Stirling, UK 


Background: Endoscopic saphenous vein harvesting is gaining 
popularity in cardiac units because of a perceived reduction in 
lower limb wound complications. The requirements of the 
cardiac surgeon for saphenous vein differ from that of the 
peripheral vascular surgeon in that longer individual vein grafts 
are required for peripheral reconstruction. 

Methods: Endoscopic vein harvest has been evaluated in the 
reconstruction of 36 legs. Vein was harvested successfully in all 
cases, although major vein damage occurred in one patient. All 
veins were reversed and routed through a new tunnel, and used 
for 18 above-knee femoropopliteal bypasses, 12 below-knee 
femoropopliteal bypasses, four distal and two pedal grafts. 
Mean follow-up was 20 (range 3-36) months. 

Results: There were six graft occlusions, two in the immediate 
postoperative period, two at 1 month and two late closures at 
lyear. Three patients had wound infections, two had 
significant haematomas and four had problematic oedema 
after operation. Postoperative stay was 2-18 days, with 17 
patients being discharged within 5 days and 28 within 9 days. 
Conclusion: Although this technique can be used successfully 
for vein harvesting, the immediate impact on patient morbidity 
and postoperative stay is only marginal and probably does not 
justify the increased cost of the procedure. 


Medicolegal claims for vascular problems 


W. B. Campbell for the Audit and Research Committee of 
the Vascular Surgical Society of Great Britain and Ireland 
Royal College of Surgeons of England, London, UK 
Background: The continuing increase in medicolegal activity 
demands good risk management, and this requires knowledge 
of the most likely causes of litigation. This study examined 
‘vascular’ cases notified to the Medical Defence Union (MDU) 
during 1990-1999, and claims initiated against the National 
Health Service Litigation Authority (NHSLA) since 1ts 
inception ın 1995. 

Methods: The MDU was notified of 254 claims by 74 vascular 
(29 per cent) and 180 general (71 per cent) surgeons; only 35 
have so far been settled. Varicose vein operations were the 
reason for 70 per cent of cases notified. A further 299 vascular 
cases were notified from primary care, of which 197 (66 per 
cent) involved critical limb ischaemia (80 per cent of patients 
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had amputations and 16 per cent died), and 102 (34 per cent) 
involved diagnosis and treatment of aneurysms. 

Results: Of 102 ‘vascular’ claims notified to the NHSLA, 70 
(69 per cent) related to arterial disease and 32 (31 per cent) to 
venous problems (26 varicose veins and six thromboembolism). 
In addition there were ten arterial and 58 varicose vein claims 
involving ‘general’ surgeons. Varicose vein claims (7 =244) 
were most often for damage to nerves (n= 76), incorrect or 
‘unsatisfactory’ surgery (n=36) or damage to the femoral 
vessels (n=29). The commonest arterial claims concerned 
aortic surgery (= 45), failure to diagnose or treat ischaemia 
(n= 36) and complications of bypass grafts (n = 28). 
Conclusion: Varicose vein surgery is a major cause of litigation: 
very explicit counselling (particularly about the risk of nerve 
damage) and good record-keeping are required to defend these 


claims. 


Distal anastomotic environment: the Influence of 
Intrinsic and extrinsic factors on flow structure 


R. K. Fisher, T. V. How, J. A. Brennan, G. L. Gilling- 
Smith, A. Bakran and P. L. Harris - 

Royal Liverpool University Hospital, Liverpool, UK 
Background: Improved patency of the Miller cuff may be 
attributable to the modification of haemodynamics ‘at the 
anastomosis inhibiting the accretion of myointimal hyperpla- 
sia. The influence of the distal anastomotic environment on 
flow patterns may therefore have important clinical signifi- 
cance. 

Methods: Anastomotic models of Miller cuff, end-to-side 
(ETS) and precuffed grafts (Distaflo™, Impra, Tempe, AZ, 
USA) were perfused under physiological conditions. 
Visualization studies and Doppler colour flow mapping 
(P700, Philips Medical Systems, Reigate, UK) enabled 
qualitative flow analysis of the influence of anastomotic 
geometry, configuration and outflow distribution. 
Intraoperative flow distribution was measured with. a 
Doppler transit time probe. Flow within im vive precuffed 
grafts was analysed by means of colour flow mapping and 
velocity profiles. 

Results: ETS anastomosis demonstrated a large area of flow 
separation at the graft toe, except when distal outflow 
approached 100 per cent, when laminar flow prevailed. The 
Miller cuff created a cohesive vortex within the proximal 
anastomosis, with reduced areas of flow separation. Outflow 
distribution had little effect upon the integrity of this vortex, 
although helical flow occurred in the distal vessel when 
proximal run-off was occluded. Cuff geometry, expressed as 
aspect ratio (cuff length : height) was important, with long and 
low cuffs demonstrating detrimental flow structures, including 
complex short-lived vortices and large areas of separation. The 
precuffed model produced a robust vortex, resistant to flow 
distribution. In vitro Doppler images of the vortex were 
reproduced accurately in 77 per cent of patients with precuffed 
grafts m situ (n = 32). Mean intraoperative flow distributions of 
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76 per cent distal : 24 per cent proximal in infragenicular grafts 
were significantly different from anticipated ratios of 50:50 
and 100:0 (P<0-001, single-sample ż test). In above-knee 
grafts, however, distribution approached purely distal flow 
(mean 85 : 15 versus 100 : 0; P= 0-046). 

Conclusion: Anastomotic flow structures are determined by the 
geometry of the anastomosis and the relative flow distribution 
proximally and distally in the recipient artery. A cuffed 
configuration of anastomosis is likely to be of most benefit 
when there is substantial flow proximally as well as distally in 
the run-off vessel, a situation that applies most often in 
infragentcular reconstruction. In addition, variable cuff geo- 
metry may detract from the full potential of the Miller cuff. A 
precuffed graft of optimum geometry may negate this concern, 
with the majority of patients demonstrating accurate replica- 
tion of potentially beneficial flow patterns. 


Association between hyperhomocysteinaemla and 
abdominal aortic aneurysm 


S. Caldwell, P. Burns, P. Haggart, A. W. Bradbury and 

D. A. Mosquera 

Birmingham Heartlands Hospital, Birmingham, UK 
Background: Hiyperhomocysteinaemia is associated with 
occlusive vascular disease. In vitro evidence has demonstrated 
the induction of a serine elastase by homocysteine in vascular 
smooth muscle. Anecdotal evidence from case reports and 
post-mortem studies has suggested an association with 
abdominal aortic aneurysm (AAA). The aim was to determine 
the prevalence of hyperhomocysteinaemia in patients with 
AAA. 

Methods: Some 120 subjects (60 controls and 60 patients with 
AAA) were studied prospectively. Epidemiological, clinical and 
haematological data were collected. Patients were defined as 
having AAA if ultrasonographic measurement of the aorta was 
greater than 4-5cm. Those with evidence of occlusive 
peripheral vascular disease or an ankle : brachial pressure index 
lower than 0-8 were excluded. Homocysterne was measured 
with a commercial high-pressure liquid chromatography 
analyser. The reference range from age-matched controls was 
8-9-14-3 pmol I". 

Results: The median(s.d.) value of homocysteine for patients 
was significantly higher than that for the control group: 
13-1(7-88) versus 10-9(5-07) umol I! (P= 0.03, Mann-Whitney 
U test). Hyperhomocysteinaemia (homocysteine concentra- 
tion greater than 14.3 umol I’) was present in 48 per cent of 
patients with AAA, compared with 24 per cent of the control 
population (P<0-01, test). There were no significant 
differences between groups with regard to age, folate levels, 
vitamin B,2 concentration or renal function. 

Conclusion: These results strongly suggest an association 
between hyperhomocysteinaemia and AAA. If studies currently 
ongoing demonstrate a causal relationship between hyperho- 
mocysteinaemia and vascular disease progression, 1t raises the 
possibility of treating small aneurysms with vitamin supple- 
mentation to slow their growth. 
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Asingle ultrasonographic scan at age 65 years excludes 
95 per cent of men from future aneurysm risk 


P. Crow, E. Shaw, J. Earnshaw, K. Poskitt, M. Whyman 
and B. Heather 

Gloucestershire Royal Hospital, Gloucester and Cheltenham 
General Hospital, Cheltenbam, UK 


Background: In 1988, 236 men, then aged 65 or 66years, 
underwent an abdominal ultrasonographic scan as part of a 
pilot study for an aneurysm screening programme; 223 (95 per 
cent) had an aortic diameter of 25 mm or less, and form the 
main study group. 

Methods: This group was followed with repeat ultrasonogra- 
phy in 1993 and 2000. Eight men (4 per cent) were lost to 
follow-up or refused further scanning, but all are known to be 
still alive. Eighty-six men (39 per cent) died during the 12-year 
follow-up. Causes of death were investigated. None was related 
to abdominal aortic aneurysm (AAA). Some 129 men (58 per 
cent) had all three ultrasonographic scans, including some 
arranged in other hospitals or performed with a portable 
scanner at a home visit. Mean(s.e.m.) aortic diameter for this 
group was 18-9(2-3)mm in 1988, 19-0(2-6)mm in 1993 and 
20-2(3-8) mm in 2000. 

Results: At the scan in 2000, four men had an aortic diameter 
greater than 30mm (32, 34, 34 and 36mm respectively). In 
contrast, of the 13 men with an aortic diameter greater than 
25 mm in 1988, three have undergone elective aneurysm repair, 
eight have died from causes unrelated to AAA and two remain 
under ultrasonographic surveillance. 

Conclusion: Using an aortic diameter threshold of 25 mm, a 
single ultrasonographic scan at the age of 65 years is able to 
exclude 95 per cent of men who appear extremely unlikely ever 
to develop a clinically significant aortic aneurysm and to 
identify the 5 per cent who require further follow-up. 


Myocardial Infarction following aortic surgery: a 
comparison of cardiac troponin | and creatine kinase 
ratlo 


P. C. Haggart, D. J. Adam, P. F. Ludman and 

A. W. Bradbury 

Birmingham Heartlands Hospital, Brrmingham and The Royal 
Infirmary, Edinburgh, UK 

Background: Perioperative myocardial infarction may be 
underdiagnosed and/or misdiagnosed because World Health 
Organization criteria are often not met and creatinine kinase/ 
creatinine kinase-muscle band (CK/CK-MB) ratios can be 
difficult to interpret. Cardiac troponin (cTn) I is the most 
sensitive and specific marker of myocardial cell necrosis but is 
not yet widely available. The aim was to compare cTnI and 
CK/CK-MB ratios in the diagnosis of myocardial infarction 
following aortic surgery. 

Methods: This prospective study mcluded 58 patients under- 
going elective (27 aneurysm, seven occlusive) or emergency (24 
ruptured aneurysms) aortic surgery. cTnI concentration was 
measured before operation and 6, 24, 48, 72 and 96h after 
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surgery. CK and CK-MB levels were measured where c TnI was 
detectable. Clinical and electrocardiographically detected 
cardiac events were documented prospectively. 

Results: 







Emergency = __ Elective 
- (0=24)  (n=34) 
3 3 
4 0 
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cardiac event 5o 5- 


Conclusion: More than halfof patients undergoing emergency, 
and more than a quarter of those undergoing elective, aortic 
surgery suffer myocardial necrosis as determined by cTnl 
concentration. This is accompanied by an increased CK/CK- 
MB ratio in less than one-fifth of cases. 


Mortality rates from ruptured abdominal aortic 
aneurysms in England 


H. Hafez, G. Clayton, R. M. Greenhalgh and A. H. Davies 
Charing Cross Hospital, London, UK 


Background: Over the past 10 years significant advances have 
been made in understanding the natural history and patho- 
physiology of aortic aneurysm disease. Despite a rapid 
improvement in alternative repair techniques, surgery for 
abdominal aortic aneurysm (AAA) remains the standard 
method of treatment. The aim of this study was to evaluate 
the efficacy of this treatment at a national level. 

Methods: Data for elective and emergency AAA procedures 
performed in England between 1989 and 1998 were obtained 
from the Department of Health Hospital Episode Statistics. 
Data for deaths secondary to ruptured and non-ruptured AAA 
in England for the same period were obtained from the Office 
of National Statistics. All figures represent age-adjusted 
incidence per 100 000 population. 

Results: 





The rise in elective and emergency AAA repair rates affected 
mainly men rather than women. The rise in death rates from 
ruptured AAA was 30-3 per cent in women and 2.0 per cent in 
men. 

Conclusion: Despite a considerable increase in elective AAA 
repair procedures in England, deaths from ruptured AAA 
continue to rise. These findings highlight the need for an 
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efficient national strategy for improving the outcome of 
patients with AAA. 


P-selectin deficiency is protective against remote organ 
injury in a model of ruptured abdominal aortic aneurysm 


J. B. Stewart, K. E. Norman, A. E. John, P. Chan and 
P. G. Hellewell 
Northern General Hospital, Sheffield, UK 


Background: Multisystem organ failure (MSOF) accounts for 
50-60 per cent of postoperative deaths following repair of 
ruptured abdominal aortic aneurysm (AAA). A murine model is 
described in which the combined insults of hypotension and 
aortic clamping reproduce the physiological changes during 
repair of ruptured AAA. The resulting remote organ injury (the 
hallmark of MSOF) is prevented in the absence of the adhesion 
molecule P-selectin, which mediates neutrophil-endothelial 
interaction. 

Methods: €57BL6 wild-type mice (7=4) and mice constitu- 
tively unable to express P-selectin ( P^) (n= 4) were subjected 
to 60min of controlled hypotension followed by cross- 
clamping of the infrarenal aorta for 60 min, reinfusion of shed 
blood and then 60 min of reperfusion. Controls (7 = 16) were 
sham-operated, had hypotension only or clamp/reperfusion 
only. Lungs and kidneys were harvested and assayed for the 
neutrophil-specific marker myeloperoxidase (MPO), which 
indicates inflammatory infiltrate in the ussue. 

Results: MPO levels in the organs of C57BL6 mice subjected 
to hypotension and aortic clamping were 50 times greater than 
those in sham-operated mice. MPO levels in sham-operated 
P~* animals were similar to those in sham-operated C57BL6 
mice. MPO levels in the lungs and kidneys of P% mice 
subjected to hypotension and aortic clamping were unchanged 
from those in sham-operated P^ mice. 

Conclusion: The combined effects of hypotension and infra- 
renal aortic clamping, followed by reperfusion, are synergistic. 
This gives rise to a profound early inflammatory reaction in 
tissues remote from the site of ischaemia—reperfusion, which is 
likely to contribute towards clinical MSOF after ruptured AAA 
repair. Absence of the adhesion molecule P-selectin protects 
against this remote organ injury. 


Mortality following aortic surgery as a possible indicator 
of clinical performance 


K. Rigby, S. Palfreyman and J. Michaels 
Northern General Hospital, Sheffield, UK 


Background: The mortality rate following aortic surgery has 
been suggested as a possible indicator of clinical performance. 
Methods: Routine hospital data on mortality following aortic 
surgery were collected for a 2-year interval in the Trent region, 
Procedural and diagnostic codes, mode of admission, district of 
residence, treatment and specialty data were analysed and 
compared with audit data and the Operating Theatre 
Information System. 
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Results: Inaccuracies in coding using the HRG (Health 
Resource Group) codes meant that 21-4 per cent of elective 
aortic cases (HRG Q01) were probably emergencies and 26 per 
cent of probable emergency ruptures were not coded as 
vascular emergencies. The HRG system does not identify 
complex procedures carried out in specialist centres, thereby 
distorting the overall mortality figures. Case mix and patient 
selection introduced a bias, apparent between tertiary and 
district general hospitals, with higher-risk elective and lower- 
risk emergency cases at tertiary referral centres. For patients 
aged over 80 years, two districts undertook no elective aortic 
surgery, and the rates for emergency surgery varied between 16 
and 25 per cent in the districts and 77 per cent in the tertiary 
centre. After correction for these factors, there remains 
significant variation in mortality rates between tertiary referral 
centres and the district hospitals (Table). 





Conclusion: Some of the difficulties in using crude mortality 
rates as an indicator of performance have been highlighted. 
They are subject to bias and distortions owing to the collection 
of incorrect information, patient selection differences between 
hospitals, case-mix differences and tertiary transfer of compli- 
cated cases. Other case-mix factors can be accounted for only 
with more detailed collection of clinical data such as POSSUM 
(Physiological and Operative Severity Score for the enUmera- 
tion of Mortality and morbidity) scores. However, there 
remains considerable and worrying variation in selection and 
outcomes of patients undergoing aortic surgery. 


Renal disease, age and outcome after aortic aneursym 
repair 


J. Refson, T. Wilmink, M. Kerle, W. Pillay, A. Mansfield, 
N. J. W. Cheshire and J. H. N. Wolfe 
St Mary’s Hospital, London, UK 


Background: The safety of conventional aneurysm repair is 
undergoing increased scrutiny as less invasive methods are 
developed, certain high-risk groups identified and the evidence 
for the risk of rupture is refined. An understanding of the 
relationship between preoperative risk factors and outcome is 
particularly important in elderly patients requiring a prophy- 
lactic operation. 

Methods: Risk factors (extent of aneurysm, ischaemic heart 
disease, renal function, hypertension, diabetes, serum choles- 
terol concentration, age and sex) were studied in 393 
consecutive patients undergoing elective juxtarenal and infra- 
renal aneurysm repair between 1993 and 1999 (inclusive), and 
were related to hospital mortality. 

Results: The overall mortality rate was 5-1 per cent (20 of 393). 
Multivariate logistic regression analysis revealed that age and 
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creatinine concentration were independent risk factors for in- 
hospital mortality. Extent ofaneurysm was not an independent 
risk factor, nor was a history of myocardial ischaemia, sex, 
hypertension, diabetes or serum cholesterol le Fhe 
comparative risk related to age and serum creatinine concen- 
tration is shown in the Table. 

















Values in parentheses are 95 per cent confidence intervals (c) 


Creatinine level had no influence on outcome in patients aged 
under 70 years. However, in those over 70 years of ag 
increase in creatinine concentration of lOjenol i incr 








0-6-2-4. 

Conclusion: Advances in preoperative and perioperative care 
appear to have reduced the significance of ischaemic hear 
disease and juxtarenal repair so that age and renal diseas 
currently major determinants of survival. In eneurysins of less 
than 7 cm in diameter, where the risk of rupture is less than 10 
per cent per year, the natural history of the disease in elder! 
patients with renal failure appears to be more benign than th 
treatment. 
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Randomized prospective comparison of postoperative 
pain control and respiratory complications following 
midline or transverse laparotomy for aortic surgery 


P. P. Tekkis, J. Krysa, S. Chan, A. Challiner, L. M. South 
and S. M. Andrews 
Maidstone Hospital, Maidstone, UK 


Background: Transverse abdominal incisions are thought to be 
less painful and followed by fewer pulmonary compl 
than midline incisions, but reports remain controversia 
study compared midline and transverse inci 
transabdominal aortic aneurysm repair with respect to post- 
operative pain, respiratory function and pulmonary complica- 
tions. 

Methods: Sixty patients were randomized to midline lapar- 
otomy and transverse incisions, and evaluated before and after 
operation for 7 days at regular intervals. Analgesia was provided 
via a thoracic epidural and pain scores were recorded by means 
of a visual analogue scale. Respiratory function (peak 
expiratory flow rate, forced expiratory volume in |s and forced 
vital capacity) and pulmonary complications were monitored as 
well as patient characteristics, operating time, blood loss, 
operative exposure, and length of stay on the intensive care unit 
(ITU) and in hospital. 

Results: The two groups included a similar nurnber of patients 
(n= 30 per group) and basic characteristics such as age and 
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preoperative risk factors. Linear analogue pain scores were 
significantly lower in the transverse group of patients 
(P<0-001). There was no significant difference between the 
two groups with regard to postoperative ventilatory function 
and respiratory complications as well as analgesic require- 
ments, operating time, blood loss, and length of ITU and 
hospital stay. 

Conclusion: The direction of incision does not seem to 
influence the incidence of respiratory complications. How- 
ever, a transverse incision in combination with a high epidural 
analgesia seems to offer better postoperative pain control. 


Risk assessment and outcome in endoluminal aortic 
aneursym repair: effect of the learning curve 


A. Chataway, V. Brown, B. Brabdner, B. Barnard, 
A. Baranowsky, M. Raphael, J. Brooks and M. Adiseshiah 
University College, London, UK 


Background: The aim was to investigate the effect of risk 
categorization on outcome from endoluminal aneurysm repair 
(ER) and zo note changes in outcome with increasing 
experience. 

Methods: Clinical and operative details of the first 70 patients 
undergoing ER (1995-1999) were analysed. American Society 
of Anesthesiologists (ASA) grade and POSSUM (Physiological 
and Operative Severity Score for the en Umeration of Mortality 
and morbidity) score were determined. The cohort was divided 
arbitrarily into two groups: group | included the first 35 
patients, and group 2 the second 35. 

Results: Median age was 73 (55-93) years; 65 of the patients 
were men. The overall 30-day mortality rate was seven of 70 (10 
per cent). No deaths were directly attributable to the 
anaesthesia; four deaths were due to myocardial infarction. 
There was no difference in ASA grade or POSSUM score 
between the groups. Fourteen patients (20 per cent) were 
converted to open surgery, nine during the same period of 
anaesthesia as the ER. 





onea-8 


The odds ratio (OR) for conversion comparing groups | and 2 
was significant, but the OR for total mortality and for mortality 
in those who had successful ER was not significant. 
Conclusion: ASA grading and POSSUM scoring has not 
changed with time. There was a learning curve, due largely to 
improvement in surgical technique. Four of the 14 patients 
undergoing conversion died; only one conversion occurred in 
the later experience. However, there was no statistically 
significant difference in total or ER mortality. 
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Registry of Endovascular Treatment of Abdominal 
Aortic Aneurysms (RETA): the fate of patients with 
primary endoleaks 


S. M. Thomas, P. A. Gaines and J. D. Beard on behalf of the 
Vascular Surgical Society of Great Britain and Ireland and 


the British Society of Interventional Radiology 
Northern General Hospital, Sheffield, UK 


Background: The aim was to present the follow-up data of 
patients with a primary endoleak identified in the periproce- 
dural period to establish the consequences of these endoleaks. 
Methods: There were 123 primary endoleaks in the 1000 
operations logged in the Registry of Endovascular Treatment 
of Abdominal Aortic Aneurysms (RETA) database, visualized 
either immediately after the procedure or at 30-day computed 
tomography. The sites of these were: collateral, 42 (34 per 
cent); proximal anastomotic (PA), 41 (33 per cent); distal 
anastomotic (DA), 19 (15 per cent); midgraft, 12 (10 per cent); 
occluder, three (2 per cent); and site not stated in six (5 per 
cent). The fate of these endoleaks was examined from available 
follow-up data. 

Results: Nine patients (22 per cent) with PA endoleaks died 
from rupture (7=3) or following surgery for the endoleak 
(n=6). Eleven patients had persistent primary PA endoleak 
with or without treatment; three of these patients had rupture. 
Others were treated successfully with surgery, proximal cuffs or 
angioplasty of the proximal anastomosis. Twenty-two colla- 
teral endoleaks (52 per cent) resolved spontaneously at 30 days. - 
There were no ruptures at follow-up. Seven of the 19 DA 
endoleaks resolved spontaneously by 30 days and four had 
further endovascular treatment before discharge. Of the eight 
persistent endoleaks, three resolved spontaneously and three 
had endovascular treatment. There were no ruptures at follow- 
up. Two of the three occluder endoleaks resolved sponta- 
neously; the other patient died suddenly from an unknown 
cause. Nine of the 12 midgraft endoleaks resolved by 30 days, 
and one had resolved spontaneously at 1 year; again there were 
no ruptures in this group. 

Conclusion: The presence of a PA endoleak justifies an 
aggressive approach to treatment because of their association 
with aneurysm rupture. However, open surgical treatments 
carry a significant mortality rate. Other endoleaks follow a 
more benign course, and many will resolve spontaneously. 


Midterm follow-up of 1000 patients in the Registry of 
Endovascular Treatment of Abdominal Aortic 
Aneurysms (RETA) 

S. M. Thomas, P. A. Gaines and J. D. Beard on behalf of the 
Vascular Surgical Society of Great Britain and Ireland and 


the British Society of Interventional Radiology 
Northern General Hospital, Sheffield, UK 


Background: The aim was to present the midterm follow-up 
data of patients in the Registry of Endovascular Treatment of 
Abdominal Aortic Aneurysms (RETA). 
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Methods: RETA now has a cohort of 1000 registered patients. 
Follow-up data are available for 483 patients at 1 year (80-8 per 
cent follow-up rate), 191 at 2 years (78-0 per cent follow-up 
rate) and 64 at 3 years (64-0 per cent follow-up rate). 

Results: The mortality rates were 10-8, 12-6 and 6-3 per cent at 
1, 2 and 3 years’ follow-up respectively. The majority of deaths 
at follow-up were unrelated to the endovascular aneurysm 
repair. However, ruptures have occurred, with five (1-0 per 
cent) occurring in the first year of follow-up and three (1-6 per 
cent) reported in the second year of follow-up. This gives a 
cumulative risk of rupture of 1.0 per cent at 1 year and 2-6 per 
cent at 2 and 3 years. Three of the ruptures had persisting 
primary proximal endoleaks and two had documented second- 
ary endoleaks. Complications related to the aneurysm or device 
occurred ın 11-1, 14-8 and 12-8 per cent of cases at 1, 2 and 
3 years’ follow-up. The commonest problems were secondary 
endoleaks, although most of these had successful endovascular 
treatment. Graft or limb occlusions were the next most 
common problems. Follow-up of patients having secondary 
procedures with endovascular treatment suggests these treat- 
ments are durable, although the numbers at present are small. 
The cumulative endoleak-free survival rate was 73-4, 57-9 and 
49.9 per cent, and the cumulative freedom from endoleak rate 
was 88-3, 81.2 and 75-6 per cent at 1, 2 and 3 years’ follow-up 
respectively. 

Conclusion: Most deaths occurring at follow-up are not related 
to the aortic aneursyms. Ruptures have occurred, some related 
to primary proximal type I endoleaks. Others may be related to 
secondary endoleaks that have not been detected. Late 
complications related to the device or aneurysm occur at a 
rate of about 10 per cent per year. Most frequently these are 
new endoleaks and are amenable to endovascular treatment, 
but recurrence may occur, so continued surveillance is 


necessary. 


Endothellal Integrity and nitric oxide synthase sources 
are better maintained in saphenous veln harvested by a 
‘no-touch’ technique 


J. Tsui, D. Souza, D. Filbey, V. Bomfim, D. Baker and 

M. Dashwood 

Royal Free and Unrversity College Medical School, London, UK 
and Orebro Medical Centre Hospital, Orebro, Sweden 


Background: The saphenous vein (SV) is a commonly used 
conduit in bypass procedures. Early graft occlusion rates are 
greater than 20 per cent in both infrainguinal vein grafts and 
coronary artery bypass grafts (CABGs). Contributing factors 
include adventitial and endothelial damage, which may reduce 
nitric oxide availability in grafts. Nitric oxide has important 
vasorelaxant and thromboresistant properties beneficial to 
graft patency. Conventionally, during SV harvest, the perivas- 
cular ussue 1s stripped and the graft distended. A ‘no-touch’ 
technique has been described in which the SV is harvested 
together with a cushion of surrounding tissue without vein 
distension. This study compared endothelial integrity and the 
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potential role of nitric oxide synthase (NOS) in segments of SV 
harvested by the two techniques. 

Methods: SV was harvested from ten patients undergoing 
CABG. Distal and proximal ends of the SV were harvested 
using the no-touch technique, while the middle portion was 
stripped of the adventitia and distended. Sections of SV were 
cut and endothelial integrity was assessed with CD31 
immunohistochemistry and quantified by morphometric 
analysis. Putative NOS was idenufied by reduced nicotnamide 
adenine dinucleoude phosphate (NADPH)diaphorase 
histochemistry and autoradiographic localization of 
PHIL-N@-nitroarginine binding. 

Results: More dense CD31 staining was seen on the luminal 
aspect and vasa vasorum of vessels harvested by the no-touch 
technique. Morphometric analysis revealed a significant 
reduction in luminal CD31 staining in conventional compared 
with no-touch grafts (P<0-05, Students t test). NADPH 
staining was almost continuous on the luminal aspect, and was 
also present in the adventitia of no-touch vessels, compared 
with poor staining of conventionally harvested vessels. The 
pattern of NADPH staining corresponded to endothelial cells 
lining the vessel lumen as well as vasa vasorum and paravascular 
nerves in the adventitia. Autoradiographic analysis of specific 
[’H]nitroarginine binding also showed greater binding in the 
no-touch vessels. 

Conclusion: Endothelial integrity is better maintained by the 
no-touch technique. NOS sources on the endothelium and 
adventitia are preserved, suggesting that nitric oxide avail- 
ability is retained by these grafts. This technique may therefore 
lead to improved early patency rates of SV grafts ın bypass 


surgery. 


Combined effects of aspirin and the novel antiplatelet 
agent clopidogrel on platelet functlon # vivo and in vitro 


D. A. Payne, P. D. Hayes, P. R. Bell, A. H. Goodall and 
A. R. Naylor 

Lescester Royal Infirmary, Leicester, UK 

Background: The platelet adenosine 5’-diphosphate (ADP) 
receptor antagonist clopidogrel has proved an effective 
antiplatelet agent in the prevention of arterial thrombosis. In 
the vast majority of studies clopidogrel has been used as an 
alternative to aspirin, but the widespread use of aspirin, and the 
different modes of actions of the two drugs, makes ıt important 
to determine the safety and efficacy of using both drugs in 
combination. This study reports the effect of this drug 
combination on bleeding times and platelet function in 
humans. 

Methods: The study was conducted in normal, healthy subyects 
to evaluate the effects of different doses of clopidogrel on 
bleeding time, platelet aggregation and activation, above a 
baseline of standard aspirin therapy. Seven normal men (mean 
age 30 years) were given aspirin (150 mg) for 3 days. Subjects 
received clopidogrel (75 mg) at 24 and 48 h, followed by a third 
dose of clopidogrel (300 mg) on day 3. 
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The combination of aspirin plus clopidogrel leads to a 
significant reduction in platelet function relative to aspirin 
alone (P< 0-05), and is associated with a significant increase in 
the bleeding time (P<0-05). The response to collagen was 
similarly affected. Platelet fibrinogen binding in response to 
both ADP and thrombospondin-related adhesive protein was 
reduced only partially by aspirin, but significantly reduced by 
both doses of clopidogrel (P< 0-05 for all). P-selectin expres- 
sion in response to both agonists was also reduced, but not 
significantly, Basal levels of fibrinogen binding, P-selectin, 
glycoprotein (GP) b-a and GPIb expression were not 
affected by treatment. 

Conclusion: Blocking both the cyclo-oxygenase and ADP 
pathways of platelet activation has a profound effect on platelet 
response to agonists, which may offer significant potential 
benefit in preventing thrombotic events relative to aspirin 
alone. Achieving the correct balance between haemostasis and 
thrombosis with these useful agents will require further study. 


Reduction of vascular smooth muscle celi proliferation 
by immunomodulation 


Y. C. Chan, N. Shukla, D. O. Okonko, M. Singh, 

J. L. Stanford, A. O. Mansfield and G. Stansby 

Imperial College School of Medicine at St Mary’s Hospital, 
London, UK 


Background: Immunological factors may play an important 
role in mediating the progression of atherosclerosis and 
myointimal hyperplasia, with heat shock proteins being 
implicated as possible autoantigens. The authors have shown 
previously that immunomodulation can reduce vascular 
smooth muscle cell (VSMC) proliferation following balloon 
injury to rat carotid arteries. The aim of the present study was 
to examine the effects of immunomodulatory agents on the 
proliferation of rat aortic vS MCs remote from the area of 
balloon injury. The agents used were SRL172 (heat-killed 
Mycobacterium vaccae) and heat shock protein 65 kDa (HSP65) 
in Freund’s incomplete adjuvant. Both these agents are known 
to influence T-cell responses. 

Methods: Male Sprague-Dawley rats were used. All immuni- 
zations were given subcutaneously. Four groups were studied 
(ten animals in each group): group 1 animals were immunized 
with normal saline, group 2 received SRL172, group 3 SRL172 
and HSP65~—Freund’s, and group 4 HSP65—Freund’s. Three 
immunizations were performed as well as carotid balloon 
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injury. Three animals died, leaving 37 for analysis. Some 
S weeks later the animals were killed and the aorta was 
harvested. Standard explant techniques were applied to grow 
aortic VSMCs until confluency, passaged three times, quiesced, 
and fetal calf serum (FCS) of varying concentrations (0-4-10 
per cent) was then added, incubated for another 48 h and cell 
counts carried out. 

Results: The proliferation rate of aortic VSMCs in the control 
group was significantly greater than that in the other study 
groups (Fig.). While all the treatment groups had significantly 
less proliferation compared with the control group (“P< 0-05, 
+P<0-01, Mann-Whitney U test), no statistically significant 
differences existed between any of the study groups. 
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Conclusion: Immunomodulation may result in a reduction of 
vSMC proliferation. Although the precise mechanisms in- 
volved are unclear, these results are in concordance with 
previous findings that T-cell immunomodulation decreases the 
development of myointimal hyperplasia after injury, and 
suggest that a fundamental phenotypic shift has been produced 
by these immunizations. 


Systemic levels of plasmin—antiplasmin complexes are 
correlated with the expansion rate of small abdominal 
aortic aneurysms 


J. S. Lindholt, B. Jorgensen, S. Vammen, H. Fastin and 
E. W. Henneberg 

Viborg Hospital, Viborg and University Hospital of Odense, 
Odense, Denmark 

Background: The cystatine proteolytic system, the serine 
proteolytic system and the metallodependent proteolytic 
system have all been reported to be involved in the matrix 
degradation of the aortic wall, causing abdominal aortic 
aneurysm (AAA). Plasmin is a common activator of all three 
systems and could theoretically be involved in the pathogenesis 
of AAA by activating all three systems. However, plasmin is 
immediately inactivated by antiplasmin, forming plasmin- 
antiplasmin (PAP) complexes when it reaches the circulation. 
This study was designed to assess whether the systemic levels of 
PAP complex in conservatively treated patients with AAA could 
be related to the natural history of AAA. 
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Methods: In 1994, 112 of 141 men with AAA (greater than 
3cm) diagnosed by population screening were interviewed, 
examined, and had blood samples taken and prepared for serum 
and ethylenediamine tetra-acetic acid plasma by a standard 
method. The serum and plasma were frozen at -21°C until 
analysis. Of the 112 patients, 99 were followed with annual 
control scans and blood pressure measurements for 1-5 (mean 
2.5) years, and were referred for operation if the AAA exceeded 
5 em in diameter, Of the 99 patients, a random sample of 70 had 
their level of PAP complexes determined (Dade Behring, 
Rødovre, Denmark). Furthermore, the level of serum elastin 
peptides (SEPs) was determined by enzyme-linked immuno- 
sorbent assay. Spearman’s rank sum correlation test, multi- 
variate linear regression analysis and receiver-operator 
characteristic (ROC) curve analysis were used for statistical 
analysis (SPSS 10.0; SPSS, Chicago, Illinois, USA). 
Results: The level of PAP complex was positively correlated 
with annual expansion rate (7 =0-29, P=0-01), but not with the 
initial AAA size (7 =0-17, P= 0-16) or SEP (= 0-04, P= 0-77 
The significant association to expansion persisted after 
adjustment for initial AAA size, SEP and smoking. 
Furthermore, the level of PAP complex was significantly 
predictive for AAAs expanding to operation recommendable 
size (area under ROC curve 65 per cent), with an optimal 
sensitivity and specificity of 65 and 67 per cent respectively. 
SEP level was also significantly predictive for AAAs expanding 
to operation recommendable size (area under ROC curve 56 
per cent), with an optimal sensitivity and specificity of 56 and 57 
per cent. 
Conclusion: The progression of AAA seems to be caused by a 
general activation of the proteolytic systems involving plasmin 
and not by genetic or environmental factors causing increased 
activation of specific proteases or decreased activity of their 
specific inhibitors. Furthermore, the level of PAP complex in 
patients with an aneurysm seems to have a better and 
independently predictive value of the natural history of AAA, 
compared with the best serological predictor known to date, 
the serum level of elastin peptides. 


Role of Chlamydia pneumoniae in an experimental 
animal model of aneurysm formation 


J. R. S. Tambiah, I. J. Franklin and J. T. Powell 
Imperial College at Charing Cross Hospital, London, UK 


Background: Chlamydia pneumoniae has been implicated in the 
pathogenesis of vascular disease. C. pneumoniae DNA is present 
in 40-50 per cent of abdominal aortic aneurysm biopsies. This 
study investigated whether C. pneumoniae has a causal role in 
experimental aortic dilatation. 

Methods: Experimental aneurysms were established in choles- 
terol-fed rabbits by periaortic application of calcium chloride 
solution and a combination of thioglycollate (a non-specific 
macrophage activator) or C. pneumoniae (live, formalin fixed or 
heat inactivated at 10° organisms per ml). After 3 weeks, aortic 
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diameter was measured and aortas were harvested far analysis 
of macrophage counts. C. pneumoniae DNA was measured by 
polymerase chain reaction and ©. pnewmonize antigens (both 
membrane and heat shock protein 60) were determined by 
immunostaining. 

Results: Live or formalin-fixed C. paenmoniae at concentra- 
tions of 10° organisms perml mimicked the effects of 
thioglycollate to produce aortic dilatation associated with 
macrophage influx. Lower concentrations of C. pneumoniae had 
a minimal effect. 











*P<0-05 versus control (analysis of variance) 





Conclusion: In this experimental study, high do 
C. pneumoniae membrane antigens stimulated macrop 
influx and aortic dilatation. Lipopolysaccharide had a | 
effect. C. pneumoniae antigens could contribute to an im 
aggregate pathogen burden by provoking an inflammatory 
response. 





Enhanced critical care improves the moriality rate 
following elective aneurysm repair 


M. Anderton, G. Treharne, N. London, R. Naylor, 
P. R. Bell and M. M. Thompson 
University of Leicester, Leicester, UK 


Background: In a previous study performed at this centre 
(1994-1997) to document the impact of instituting an 
endovascular programme, the mortality rate for elective 
infrarenal aneurysm repair was unacceptable (16 per cent). In 
an attempt to reduce this complication rate, two fundamental 
changes in practice were instituted. First, patients were selected 
and counselled for operation on the basis of a physiological 
scoring system, POSSUM (Physiological and Operative 
Surgical Score for the enUmeration of Mortality and 
morbidity). Second, patients were admitted to the critical care 
unit for at least 3 days after operation, before discharge to the 
ward. The aim of the study was to audit the result of these 
changes. 

Methods: Data were collected prospectively 
admitted for elective aneurysm repair between November 1998 
and January 2000. POSSUM score, postoperative mortality 
and morbidity, and intensive care unit (TL) or 
dependency unit stay were compared between histori 
controls (1994-1997) and operations performed after the 
change in practice. 
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Results: The results are tabulated below as median values. 





*° and Mann-Whitney U tests 


Comparison between the two groups demonstrated that after 
changes in referral practice, the perioperative mortality rate 
improved significantly from 16 to 4 per cent. Comparison of 
the patient cohorts demonstrated no significant differences in 
preoperative physiological status. 

Conclusion: These data demonstrate that defined changes in 
the perioperative management of patients undergoing elective 
aneurysm surgery may favourably affect mortality. As there was 
no difference in POSSUM scores between the two groups, it is 
likely that the improved outcome reflects more intensive 
postoperative care. 


Autologous thrombin-induced thrombosis of 
pseudoaneurysms 


J. W. Quarmby, C. Engelke, A. Chitolie, R. A. Morgan and 
A.-M. Belli 
St George’s Hospital, London, UK 


Background: This study was designed to evaluate the use of 
autologous thrombin (as opposed to commercial bovine 
thrombin) in the percutaneous obliteration of postcatheteriza- 
tion femoral pseudoaneurysms. 

Methods: Ten consecutive patients with a symptomatic femor- 
al pseudoaneurysm following cardiac catheterization under- 
went duplex assessment. All ten pseudoaneurysms were at least 
2cm in the longest axis. Autologous thrombin was isolated 
from 60ml blood, under sterile conditions. The autologous 
thrombin was injected into the cavity of the pseudoaneurysm 
under ultrasonographic guidance. The progression of throm- 
bosis was monitored throughout with ultrasonography. After 
the procedure, the femoral arteries were examined for 
thrombosis propagation or embolization. The foot pulses 
and ankle pressures were checked. Samples of the thrombin 
isolates were analysed to quantify thrombin activity. Duplex 
assessment was repeated at 6 weeks. 

Results: All ten patients had successful thrombosis of the 
pseudoaneurysm, although three required repeat thrombin 
injections within 24 h. No long-term symptoms were identified 
relating to the thrombosis and no patient required surgery. 
There was no evidence of recanalization at 6 weeks on duplex 
imaging, and no signs of infection. 

Conclusion: Autologous thrombin-induced thrombosis of 
pseudoaneurysms is a simple, safe, painless and inexpensive 
procedure. This novel approach, which uses the patient’s own 
thrombin, :s cheaper than bovine thrombin; it also avoids the 
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risk of viral contamination or anaphylaxis from commercial 
thrombin. 


Successful subintimal angioplasty for leg ischaemia is 
dependent on length of occlusion, not site of lesion 


J.R. Boyle, D. Perry, N. Gonem, A. R. Cowan, G. L. Sutton 
and R. M. Pemberton 
Queen Alexandra Hospital, Portsmouth, UK 


Background: The development of subintimal angioplasty 
offers an endovascular approach to the treatment of long 
occlusions not suitable for conventional transluminal angio- 
plasty; it remains, however, the remit of relatively few 
radiologists in specialist centres. The authors have adopted 
the technique in view of promising published results. 
Methods: Between May 1997 and July 2000, 50 patients had 
attempted subintimal angioplasty (median age 7 1 (interquartile 
range (i.q.r.) 61-80) years). Patients were divided into two 
groups by length of occlusion; 26 patients (group 1) had 
occlusions greater than 10cm in length (iliac, one; superficial 
femory artery (SFA), 24; crural, one) and 24 patients (group 2) 
had occlusions of less than 10cm (iliac, five; SFA, five; 
popliteal, nine; crural, five). The primary technical success 
rate, ankle : brachial pressure index (ABPI) before and after the 
procedure, complication rate and symptomatic improvement 
were recorded for both groups. 

Results: The groups were wel] matched for age and indication 
for intervention. Primary technical success was significantly 
better for occlusions of less than 10cm than for the longer 
lesions (83 versus 50 per cent; P< 0-01) with corresponding 
significantly greater rises in ABP] (P<0-05). Complications 
included one death in each group, one amputation in group 2 
and six ir. group 1, all after failed salvage grafts. 





“ce? test; ¿Mann-Whitney U test 


Conclusion: Subintimal angioplasty gives excellent results for 
occlusions of less than 10cm in length irrespective of arterial 
site. Results for longer lesions are poor, with failed subintimal 
angioplasty often precipitating urgent distal vascular recon- 
struction and associated high risk of major amputation. 


Impact of subintimal angioplasty on treatment of critical 
leg ischaemia 


P. V. Tisi, A. Mirnezami, S. Baker, J. Tawn, S. D. Parvin 
and S. G. Darke 
Royal Bournemouth Hospital, Bournemouth, UK 


Background: Distal bypass for critical leg ischaemia (CLD is 
technically demanding and a physiological challenge to the 
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patient. Angioplasty offers an attractive alternative, the 
application of which may be extended by subintimal techni- 
ques. This study reports on the immediate success of 
subintimal angioplasty and its impact on workload in this unit 
since the introduction of the technique in 1997. 

Methods: This was a retrospective review of a consecutive 
series of 166 legs (156 patients) with CLI treated by subintimal 
angioplasty from 1997 to 1999. Society for Vascular Surgery 
and International Society for Cardiovascular Surgery criteria 
were used to determine clinical status and patency. 

Results: From 1997 to 1998 the rate of subintimal angioplasty 
increased, with a corresponding reduction in major amputation 
and surgery rates (P< 0-001, x’ test), The increase in surgical 
reconstruction in 1999 could reflect delayed treatment of 
patients with late occlusion of a previously dilated segment. 





Values in parentheses are percentages 


The technical success rate of subintimal angioplasty was 84-9 
per cent (25 primary failures). Twelve proceeded to bypass 
surgery, with one occluded graft subsequently requiring 
amputation. Amputation was needed in three other patients 
with technical failure, while a further patient had a successful 
repeat subintimal angioplasty. 

Conclusion: Subintimal angioplasty has an increasing role in 
limb salvage, particularly in patients unfit for operation. 


Outcome of subintimal angioplasty in a district general 
hospital 


M. B. K. Shaw, B. D. Braithwaite, M. DeNunzio, 
D. Hinwood, R. Nash and K. G. Callum 
Derbyshire Royal Infirmary, Derby, UK 


Background: The results from major institutions of subintimal 
angioplasty are good. The aim was to determine the early and 
intermediate outcome of the technique of subintimal angio- 
plasty in a district general hospital. 

Methods: After formal training, two consultant radiologists 
performed subintimal angioplasty on 50 consecutive patients 
for the treatment of intermittent claudication (23 patients) and 
ulceration or gangrene (27). Patients were classified as 
Rutherford grade II-VI. The patient group contained 35 
men and 15 women with a median age of 72 (range 45- 
93)years. The median treated length was 17-5cm in the 
superficial femoral artery, 12-5 em in the popliteal artery and 
7-5em in the peroneal artery. Those with a technically 
successful procedure were followed with clinical assessment 
at 6 weeks and colour duplex ultrasonography at 6 months. 
Resuits: Thirty-nine (78 per cent) of the 50 procedures were 
technically successful. Sixty per cent of these were patent at 
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6months on colour duplex ultrasonography. The primary 
technical success rate in the first 25 consecutive patients to 
undergo angioplasty was 64 per cent (16 patients), compared 
with 92 per cent (23 patients) in the second group of 25; chi 
difference was significant (P= 0-004, x? test), The overal 
patency rate at 6 months in the first 25 consecutive patients wa 
43 per cent, compared with 69 per cent in the second 24: this 
difference was statistically significant (P = 0-02, ¥° test). 
Conclusion: After a short learning interval, subintimal angio- 
plasty can be used effectively in a district general hospital, with 
good medium-term patency rates. 






Midterm results of a single endovascular device for 
repair of an abdominal aortic aneurysm: one centre's 
experience of the Vanguard device 


S. J. Holtham, S. Dugdill, J. D. G. Rose, T. A. Lees and 
M. G. Wyatt 

Freeman Hospital, Newcastle upon Tyne, UK 

Background: The aim of the study was to evaluate the midterm 
results of the Vanguard device. 

Methods: All deployments performed in a single nth 
follow-up according to EUROSTAR criteria were reviewec 
Results: Fifty-five patients underwent deployment of 
Vanguard device between December 1995 and July 1999. Al) 
stents were implanted successfully, with « 
mortality rate of 5 per cent (three of 55 patients). Twe 


centre 








perioperative 








| 
systemic complications (23 per cent) and three access sire 





complications (6 per cent) were observed. Predischarge 
computed tomograms revealed one type | and five type H 
endoleaks. Eleven patients died during follow-up (median 23.4 
(range 6-48) months) (ten unrelated, one ruptured abdominal 
aortic aneurysm). The 2-year survival rate 
Eleven occluded graft limbs (22 per cent; median onset 
18 months (range from 24 h to 36 months)), one graft migration 






as 70 per cent. 


and eight late endoleaks (16 per cent; median onset 24 (r: g 
42) months) were observed. The 2-year intervention-free 
survival rate was 68 per cent, with an endoleak-free survival rate 
of 84 per cent. Median (range) neck diameter increased from 20 
(15-23) to 23 (17-27) mm at 24 months (P< 0-01). 
Conclusion: The onset of late endoleak and limb occ! 
suggests that follow-up is essential, even after 34 months. The 
increasing neck diameter may prove significant with regard to 
long-term fixation of the proximal device. 









a 





Thoracic stent grafts 


D. J. Gerrard, C. L. McGuinness, T. Sabharwal, J. F, Reidy 
and P. R. Taylor 

Guy’s and St Thomas’s Hospital, London, UK 

Background: The Endovascular Aneurysm Repair trial of 
infrarenal aortic aneurysm repair requires 20 operations to be 
performed at each centre to eliminate learning curve errors. An 
analysis was undertaken of the authors’ learning curve 
experience of commercially made thoracic stent grafts. 
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Methods: Stent grafting was attempted in 26 patients. Aortic 
pathology included 13 atheromatous aneurysms, six dissec- 
tions, one coarctation, three false aneurysms and three 
transections. Successful deployment was performed in 24 
patients (92 per cent), but failed in two women due to small iliac 
arteries. Stent grafts used were Gore Excluder (16 patients), 
AneuRx (six), Vanguard (one) and Stenford (one). Four patients 
required two stents, two needed three stents, and 18 had a 
single stent. 

Results: Thirteen elective procedures were uneventful. Two 
deaths occurred in 11 urgent procedures, from pulmonary 
embolism and aortic rupture of an unsuspected false aneurysm. 
The overall in-hospital mortality rate was 8 per cent (two of 24 
patients). One graft with a persistent endoleak was removed at 
open repair at 6weeks. The subclavian artery origin was 
covered in three elderly patients, resulting in minor distal 
ischaemia. No spinal cord problems were seen. One patient 
died from pneumonia at 8 weeks, and another died from 
rupture at 28 months as a result of prolapse of the stent into the 
aneurysm sac. 

Conclusion: Assessment of the diameter of the iliac arteries is 
important, especially in women, to ensure that they accom- 
modate the size of the sheath. Patients with false aneurysms 
have a poor outcome, and treatment by stent grafting may not 
be durable. Covering the origin of the left subclavian artery can 
be undertaken in elderly patients with transient minor 
symptoms. The use of stent grafts in acute type B dissection 
should be the subject of a randomized trial. Continued 
surveillance is essential. 


Radiological intervention to the iliac segments for 
patients with claudication and coexistent significant 
infrainguinal disease 


D. Phillips, A. Handa, J. Phillips-Hughes, P. Boardman, 
J. Perkins, L. Hands and J. Collin 
Jobn Radcliffe Hospital, Oxford, UK 


Background: The policy with regard to patients with lifestyle- 
limiting intermittent claudication is to investigate with duplex 
ultrasonography and then to treat suitable lesions in the 
aortoiliac system with balloon angioplasty with or without 
stenting. In those with coexistent infrainguinal disease, further 
management is conservative. The aim of this study was to assess 
the outcome of iliac intervention in this group of patients. 
Methods: Over 30 months 600 patients with intermittent 
claudication were assessed; 110 subsequently underwent 
balloon angioplasty (87 aortoiliac and 23 infrainguinal). Of 
those undergoing aortoiliac angioplasty 47 also had significant 
infrainguinal disease. These 47 had a median claudication 
distance of 80 m and median maximum walking distance 180 m. 
‘They underwent angioplasty of 61 arterial segments (one aorta, 
32 common iliac, 28 external iliac), with 11 stents deployed in 
eight patients. There were no immediate complications and a 
technically satisfactory result was obtained in all but one 
patient. All patients were reassessed at 6 weeks. 
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Results: The Table gives the findings at 6 weeks. 





Values are median with percentages in parentheses 


Fifteen patients (32 per cent) had a pain-free walking distance 
greater than 450m and a further two were limited by angina 
rather than claudication. Overall the 47 patients had a median 
claudication distance of 270m and median maximum walking 
distance of 420 m. 

Conclusion: Even in the presence of significant infrainguinal 
disease, angioplasty in the aortoiliac segments at least doubles 
the claudication distance in 70 per cent of patients, and appears 
to be safe. Radiological intervention in these patients is 
worthwhile. 


Outcome analysis of over 1000 episodes of limb 
ischaemia treated by peripheral thrombolysis 


B. D. Braithwaite, B. Whitman and C. Foy on behalf of the 
Thrombolysis Study Group 
Gloucestershire Royal Hospital, Gloucester, UK 


Background: In the past 10 years, 13 hospitals with an interest 
in peripheral arterial thrombolysis have collected information 
on 1064 episodes of thrombolysis used to treat some 933 
patients. The aim of the database was to identify clinical factors 
at the time of admission to hospital and relate them to the 
patients’ outcome. 

Methods: After verification of the database, a regression 
analysis was done in three stages: univariate analysis, logistic 
regression including the initial success of thrombolysis, and 
logistic regression analysis excluding initial success. The 
endpoints were amputation-free survival (AFS), survival but 
with amputation, and death. Statistical analysis was performed 
with SPSS software (SPSS, Chicago, Illinois, USA). 

Results: The overall AFS was 72-9 per cent; 12-6 per cent of 
events resulted in amputation and 12-9 per cent of patients died. 
Univariate analysis showed that patients receiving warfarin had 
a survival advantage, whereas those with diabetes and ischaemia 
that caused sensory loss were significantly more likely to 
require amputation. Logistic regression analysis confirmed the 
above effects of diabetes and ischaemia. Major haemorrhage 
occurred in 8 per cent of events, but there was a significantly 
increased risk if the patient had a history of peripheral vascular 
disease (P=0-007) or presented with graft thrombosis 
(P=0-001). Stroke occurred in 2-4 per cent of events; a greater 
incidence occurred in patients with a duration of ischaemia of 
less than 8h. 

Conclusion: Further detailed analysis of this large and unique 
database should help clinicians to refine the indications for 
peripheral thrombolysis in the management of acute leg 
ischaemia. 
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Treatment of the hostile groin: 5-year follow-up of the 
obturator foramen bypass 


J. Coker, M. S. Sobeh, M. Grahn, E. J. Chaloner and 
R. J. Ham 
The Royal London Hospital, London, UK 


Background: Infection in the groin threatens both life and 
limb. In recent times virulent organisms, especially methicillin- 
resistant staphylococci, have proved difficult to treat. The 
obturator foramen bypass, although performed infrequently, 
represents an extra-anatomical solution to the ‘hostile groin’. 
The aim of the study was to examine the primary and secondary 
graft patency rates in 26 patients (28 procedures) performed in 
one hospital over 10 years. 

Methods: There were 17 men and nine women with mean age 
of 65 (range 49-78) years. All procedures except one were 
performed with expanded polytetrafluoroethylene (6 mm in 24 
patients; 8mm in three). Twenty-one patients had critical 
ischaemia with rest pain or tissue loss. The inflow vessel was the 
common iliac artery in 25 patients and the lower abdominal 
aorta in three. The distal anastomosis was to the profunda in 
two grafts, to the suprageniculate popliteal artery in 24 grafts 
and to the infrageniculate popliteal in two. 

Results: Patency rates were calculated with the Kaplan—Meier 
life-table method. 





There were nine primary failures (five in the first year and the 
remaining four between 2 and 5 years). All failed bypasses were 
re-explored. Three of nine bypasses required intraoperative 
angioplasty of the inflow, and one graft had angioplasty of the 
distal anastomosis. Six patients eventually had amputations, 
four above knee and two below knee, one of whom had a patent 


graft. 
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Conclusion: The obturator foramen bypass, although techru- 
cally demanding, is a viable solution in the individual with groin 
sepsis and ischaemia. Frequently these patients have good 
calibre vessels above and below the problem groin. 





Pharmacotherapy and outcome in intermittent 
claudication 


P. F. S. Chong, H. Seaman, J. Golledge, R. Gibbs, 

R. Lawrenson, R. M. Greenhalgh and A. H. Davies 
Imperial College School of Medicine, Charing Cross Hespital, 
London and Postgraduate Medical School, University of Surrey, 
Guildford, UK 

Background: Intermittent claudication (1C) 
increased risk of vascular death compared with that in age- 
matched controls. The role of antiplatelets and statins in the 
reduction of this risk in new claudicants was evaluated in an 
observational study of a prospectively gathered database, the 
General Practice Research Database (GPRD), with 430 
practices contributing 8 million patients in the UK. 
Methods: All patients aged 40-79 years with newly di 
IC and no history of previous peripheral vase 
were identified using recognized GPRD 
Prescription of antiplatelet therapy (APT) u; 
before or after diagnosis, and the use of statin therapy (ST) at 
the time of diagnosis, of IC was noted. Odds raos (0 
adjusted for APT, ST, sex, age, smoking. diabete d 
coexisting cardiac and cerebrovascular disease were calculated. 
Patients with critical limb ischaemia were excluded. Outcome 
measures were all-cause death, fatal stroke and fatal myocardial 
infarction (MI) up to $ years after diagnosis of IC. 

Results: Between 1988 and 1993, 20474 patients with newly 
diagnosed IC were identified. The Table summarizes the 
results. 

Conclusion: Prescription rates of statins and antiplatelets in 
new claudicants in the UK are low and could be improved. 
These results suggest that ST is associated with a significant 
reduction in all-cause mortality rate in new claudicants. 
Patients receiving APT demonstrated a significant reduction 


in death from MI. 






Carrie art 











to 12 months 





Tabie Pharmacotherapy and outcome in intermittent claudication, P. F. S. Chong, H. Seaman, J. Golledge, R. Gibbs, R. Lawrenson, 
R. M. Greenhalgh and A. H. Davies 








498 (24) 
2 (0-4) 


Values in parentheses are percentages or *95 per cent confidence intervals. +P <0-05 
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Impact of angioplasty on Infraingulnal bypass for 
critical Ischaemia of the leg 


D. Evoy, S. Sultan, M. P. Colgan, D. Moore and G. Shanik 
St fames’s Hospital, Dublin, Ireland 

Background: Both angioplasty and infrainguinal bypass proce- 
dures may be used to achieve limb salvage in patients with 
critical ischaemia. The authors investigated the effect of the 
introduction of angioplasty on the frequency with which 
infrainguinal bypass was performed and, second, the changes in 
outcome of infrainguinal bypass following the introduction of 
angioplasty. 

Methods: All patients had critical ischaemia of the leg. Three 
patient groups were studied: 215 patients undergoing infra- 
inguinal bypass before the introduction of angioplasty (1986— 
1991), 216 patients who had infrainguinal bypass after the 
introduction of angioplasty (1993-1998) and 193 patients 
undergoing angioplasty in the same 5-year interval (1993- 
1998). 

Results: The age and risk profile of the three groups was 
identical. The overall caseload increased by 19 per cent 
following the introduction of angioplasty. Primary and 
secondary patency rates were superior for bypass compared 
with angioplasty, but were similar for the two bypass groups (5- 
year primary patency rate 60 per cent versus 18-month primary 
patency rate 45 per cent; 5-year secondary patency rate 80 per 
cent versus 18-month secondary patency rate 60 per cent). By 
18 months 26 per cent of patients having angioplasty had gone 
on to have bypass. The limb salvage rate of 90 per cent at 1 year 
was similar for all groups. Survival was significantly higher in 
the group of patients undergoing bypass from 1993 to 1998 
compared with the other two groups (80 versus 60 per cent; 
P<0-0002). 

Conclusion: The introduction of angioplasty has increased 
overall workload. Angioplasty has a lower patency rate than 
bypass but a comparable limb salvage rate, making it a suitable 
alternative to bypass ın the management of patients with critical 
ischaemia. 


Prospective audit of major amputations for peripheral 
vascular disease 


S. R. Vallabhaneni, D. M. Hughes, D. T. Reilly, S. D. Blair 
and M. G. Greaney 
Wirral Limb Centre and Arrowe Park Hospital, Wirral, UK 


Background: Primary amputation followed by prosthetic fitting 
has been proposed as an alternative worth considering if lower 
limb bypass has poor prospects of patency. This is an outcome 
audit of major amputations ata single centre where amputations 
were performed only if lumb salvage was not possible. 

Methods: Consecutive major amputations (7 = 162) for periph- 
eral vascular disease from January 1996 to December 1998 
were studied prospectively. Duration of hospital stay, causes of 
morbidity and mortality, and reasons for being unsuitable for 
prosthesis were recorded. Mobility at admission and after 
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rehabilitation was documented using a standard grading system 
(grades 1-4). 

Results: There were 114 above-knee, 45 below-knee and three 
through-knee amputations. The 30-day mortality rate was 14 
per cent (22 patients), increasing to 29 per cent (47) at 
9 months. Some 57 patients (35 per cent) were rehabilitated 
with a prosthetic limb (30 above knee, 27 below knee). Mobility 
with prosthesis was better or maintained in 24 patients, worse 
by one grade in 17, and by two or more grades in the remaining 
16. Fifty-eight patients (36 per cent) were unsuitable for an 
artificial limb; in four this was because of stump-related 
problems, and the rest because of co-morbidity. 
Cardiorespiratory events were the most frequent cause of 
morbidity and mortality. The mean hospital stay after 
amputation was 37 days in survivors. 

Conclusion: Perioperative and late mortality rates following 
amputation are high. A large proportion of amputees were not 
suitable for prosthesis, mainly because of co-morbidity. Of the 
patients receiving a prosthesis, only 42 per cent (15 per cent of 
the total) mamtained or improved their mobility. The results 
are unlikely to be different if a policy of selective primary 
amputation were to be adopted. The outcome of amputation 1s 
worse than widely perceived despite the improvements in 
prostheses and a well executed rehabilitation process. 


Interhosplital provision of emergency vascular services 
for a large population: early outcomes and clinical 
results 


R. N. Baird, A. R. Baker*, C. Hine*, P. M. Lamont, 

P. A. Leart, E. Loveday’, D. M. Mitchell, M. Morse’, 

E. N. Munro*, K. P. Murphy’, M. R Rees, F. C. T. Smith 
and M. J. Thornton* 

Bristol Royal Infirmary, *Frencbhay Hospital and *Soutbmead 
Hospital, Bristol, UK 

Background: In 1999 an emergency vascular service for Bristol 
and Avon (including Weston-Super-Mare) (population ap- 
proximately 1 million) was initiated. 

Methods: Collaboration between Bristol Royal Infirmary, 
Frenchay and Southmead Hospitals provides week-on—week- 
off vascular cover for patients requiring urgent and emergency 
interventions within 24h. The rota accommodates National 
Confidential Enquiry into Perioperative Deaths and Vascular 
Surgical Society of Great Britain and Ireland recommenda- 
tions, governance issues, and enhances emergency vascular care 
for Avon residents. Prospectively collected data for the first 
year (May 1999 to April 2000) are reviewed. 

Results: There were 289 emergency admissions. (In-hospital 
referrals were not transferred but contributed up to 40 per cent 
of the extra emergency workload per unit.) Referrals were also 
accepted from seven Trusts outside the designated catchment 
area. Caseload included 86 patients with a ruptured or acutely 
symptomatic aortic aneurysm, of whom 69 underwent opera- 
tion (30 per cent mortality rate); 17 patients were not operated 
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on, Some 136 patients had critical leg ischaemia (43 acute, 93 
chronic); angiography or duplex ultrasonography was per- 
formed in 105 cases (77 per cent); 39 patients (29 per cent) had 
undergone previous intervention for peripheral vascular 
disease; the mortality rate was 18 (13 per cent) of 136; 18 (13 
per cent) of 136 patients required an amputation. Other cases 
included: upper limb ischaemia, 20 (7 per cent); paediatric 
emergency, seven (2 per cent); symptomatic carotid disease, 
five (2 per cent; four endarterectomies with no death or stroke). 
Some 5 per cent of referrals were inappropriate (venous ulcer, 
spinal stenosis, etc.). No outcomes were compromised by 
interhospital transfers. Vascular surgeons operated on nine 
high-risk patients away from their ‘base’ hospital. A consultant 
was the principal or assistant operator in more than 95 per cent 
of operations but, despite trainee rota adjustments, a designated 
vascular trainee was present in only about 40 per cent of cases. 

Conclusion: Interhospital provision of emergency vascular 
services for a large population is feasible, does not compromise 
quality of care, and regulates emergency workload. Further 
attention to training issues is indicated. 


P-POSSUM models for abdominal aortic aneurysm 
surgery 


J. R. Boyle, D. R. Prytherch, S. P. Payne, R. M. Pemberton 
and G. L. Sutton 
Queen Alexandra Hospital, Portsmouth, UK 


Background and methods: POSSUM (Physiological and 
Operative Severity Score for the enUmeration of Mortality 
and morbidity) data on 444 (213 emergency, 231 elective) 
admissions for abdominal aortic aneurysm (AAA) surgery 
between August 1993 and July 2000 were analysed using the P- 
POSSUM equation for general surgery and the P-POSSUM 
equations developed for the Vascular Surgical Society of Great 
Britain and Ireland (physiological and operative and physiol- 
ogy only). 

Results: All three equations successfully modelled the elective 
admissions but failed to fit the emergency admissions and the 
elective and emergency admissions combined. This suggests 
that admission method (not a POSSUM data item) is an 
important factor for patients with AAA. However, with these 
data it was not possible to generate a model, including 
admission method, that successfully modelled the combined 
elective and emergency data. Emergency AAAs had to be 
treated separately. The 213 emergency admissions were 
divided into two groups by operation date. The first 106 
(training set) were used to form logistic regression models 
following the P-POSSUM methodology. These models were 
found successfully to fit the remaining 107 records (test set) on 
prospective application, as shown in the Table. 
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Critical value = 9.49, = 450, 4 d.f, P=034 no evidence of lack of ft 


Conclusion: Emergency AAAs appear to be fundamentally 
different from elective AAAs and other vascular cases, and 
require their own distinct risk model. The ability to model risk 
for elective AAAs using a physiology-only risk model could 
perhaps be used to optimize the timing of operation as wel! as 
informing all concerned of the risks involved. 


Poor outcome following revascularization predicted by 
thromboelastography 


S. Vig, A. Chitolie, E. Maurice, F. Boa, D. H. Bevan, 
A. Halliday and J. Dormandy 
St George’s Hospital, London, UK 


Background: Infrainguinal revascularization procedures are 
associated with a high risk of graft failure, amputation and 
early death. Hypercoagulability predicts a poor overall our- 
come but conventional tests are expensive and res 
immediately available. A cheap, rapid method for identifying 
hypercoagulability would allow screening before rev 
ization. Thromboelastography (TEG) is a rapid, 





Pee 







able, 
bedside method of assessing whole blood clotang. Normally 
used to assess hypocoagulability, this study determined the role 
of TEG in identifying patients with a poor prognosis following 
revascularization. 
Methods: Between November 1998 and January 2000, 106 


patients with critical leg ischaemia were admitted for 








radiological or surgical revascularization (mean age 71 (ran 
33-90) years). All underwent TEG analysis, standard throm- 
bophilia screening (STS), and fasting homocysteine and 
fibrinogen assays. All patients were followed for 6 months after 
revascularization by means of clinical examination, ankle : bra- 
chial pressure index (ABPI) and duplex imaging. 
Results: At the 6-month follow-up of 106 patients, 29 (27 per 
cent) had arterial or graft occlusion, five (5 per cent) had died 
and four (4 per cent) had undergone a major amputation. 
Analysis of risk factors revealed that a hypercoagulable TEG 
(P=0-0009), STS and/or raised fibrinogen level (P = 0-01), and 
rest pain (P= 0-006) were associated with poor outcome. Other 
factors such as age, sex, diabetes, current or previous smoking, 








coronary artery or cerebrovascular disease, hypertension, 
previous intervention, aspirin or lipid-lowering therapy were 
not significantly different. In addition, hyperlipidaemia, 
hyperhomocysteinaemia, raised level of C-reactive protein, 
eyrthrocyte sedimentation rate, lipoprotein a level, haemacrit, 
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STS or fibrinogen alone were not useful as predictors of poor 
outcome. 

Conclusion: TEG, a rapid inexpensive test of hypercoagul- 
ability, is associated with poor outcome following infrainguinal 
revascularization. 


Risk modelling for carotid endarterectomy 


G. Kuhan, E. Gardiner, A. Abidia, I. Chetter, P. Renwick, 
B. F. Johnson, A. R. Wilkinson and P. T. McCollum 
Hull Royal Infirmary and University of Hull, Hull, UK 


Background: A 30-day stroke or death rate of 3~10 per cent has 
been reported in patients undergoing carotid endarterectomy 
(CEA). The aim of this study was to identify the risk factors that 
influenced the outcome and to develop a logistic regression 
model that can aid in the comparative audit of CEA. 

Methods: Some 836 CEAs performed by four vascular sur- 
geons from 1992 to 1999 were analysed. The median age of the 
population was 69 (range 38-86) years, and the male: female 
ratio was 1-6. Multiple logistic regression was used to model the 
effect of 15 risk factors on the 30-day stroke and death rate. The 
outcome after risk adjustment was compared for four surgeons 
and two vascular units. 
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Results: The overall 30-day stroke and death rate was 3-9 per 
cent. Regression modelling identified heart disease, diabetes 
and stroke at presentation as significant risk factors. A risk score 
of 1 was assigned to each of these risk factors to produce a 
logistic regression equation (where P is the probability of 30- 
day stroke or death): 


In(P/1 — P) = 0-9294(risk score) —4-2726 





Values in parentheses are 95 per cent confidence intervals 

The observed 30-day stroke and death rate for four vascular 
surgeons was 3-0, 4-0, 4-2 and 4-3, and for two vascular units was 
3-9 and 3-9. Differences between the surgeons and the vascular 
units were not statistically significant after allowing for risk 
adjustment using this model. 

Conclusion: Multiple logistic regression models can success- 
fully identify patients at higher risk from CEA, and aid in the 
comparative audit of surgeons and vascular units. 
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Screening for abdominal aortic aneurysm 


J. S. Lindholt 


Department of Vascular Surgery, Viborg Hospital, Postbox 130, 8800 Viborg, Denmark (e-mail: jslndholt@maul.tele.dk) 


Despite increased numbers of elective operations for 
abdominal aortic aneurysm (AAA), the sex- and age- 
standardized mortality rate of ruptured AAA continues to 
increase. The lethality of ruptured AAA continues to be 80- 
95 per cent’, compared with 5-7 per cent for elective 
surgery for symptom-free aneurysm. An asymptomatic 
phase with a relatively low-risk treatment, compared with 
the symptomatic phase, is a good starting point for 
considering screening. However, there are several World 
Health Organization (WHO) criteria” for screening that 
must be fulfilled before it can become a reality. 

First, it is widely acknowledged that ultrasonography is a 
suitable method of screening. Patient acceptance rates of 
53-79 per cent have been achieved!. Furthermore, those 
persons at highest risk of having an AAA attend screening 
more often than those at low risk, and diseases affecting 
mobility are not associated with non-attendance**, The 
infrarenal aorta can be visualized in 98-100 per cent of 
cases, but the exact sensitivity and specificity of such 
screening is unknown. Nevertheless, by using the inter- 
observer variation and the distribution of the observed 
aortic diameter, the sensitivity and specificity have been 
estimated as 98 and 99 per cent respectively’. The usual 
problems of false-positive and -negative findings seem 
negligible because such errors are inevitably revealed at 
follow-up of small AAAs or by repeated (interval) screen- 
. 1, x 


Interval screening is needed because the prevalence of 
AAA increases with age and some of the newly recognized 
aneurysms will be suitable for surgery’, but the amount of 
screening must be minimized because of its associated 
psychological and economic costs”*. The Viborg study® 
showed that 97 per cent of the interval cases developed from 
aortas that initially measured 2-5-2-9 cm. The remaining 3 
per cent developed from aortas initially measuring less than 
2-5 cm, but these aneurysms were all below 3-5 cm and so 
would probably never become clinically relevant. 
Rescreening in the Viborg study and in the Aneurysm 
Detection and Management (ADAM) study” showed that 
none of the newly found aneurysms was more than 5 cm in 
diameter after 4-5 years. Consequently, rescreening could 
usefully be restricted to aortas initially measuring 2-5— 
2-9 cm, i.e. approximately 5 per cent of the screened 
population, at intervals of 5 years. 


©2001 Blackwell Science Ltd 


There is a risk that screening may lead to dispropor- 
tionate fear and stigmatization, with loss of quality of life. 
Consequently, one of the WHO criteria for screening is 
that the disease screened for must be a major health 
problem’. Today 1-3 per cent of all deaths in men aged 65- 
80 years are caused by AAA; some might question whether 
or not this represents a major health problem. Certainly the 
offer of screening for aneurysm is known to cause a transient 
mild fearful reaction’ and it is fortunate that repeat 
screening is only required in 5 per cent of those with 
initially negative findings®. 

Another consideration is that the indications for treat- 
ment must be clear”. The size of an AAA is the only widely 
accepted prognostic indicator of rupture. The UK Small 
Aneurysm Trial!’ and the similar ADAM study (unpub- 
lished data) in the USA each randomized over 1000 4-0- 
5.5-cm aneurysms to early surgery or watchful waiting. No 
differences in AAA-related mortality rate were noted 
between the two arms of the studies after 5 years. 
However, because of the known strong correlation between 
AAA size and risk of rupture, the smallest aneurysms in the 
studies must move the conclusion towards watchful waiting 
and the largest towards early surgery. The optimal 
discriminating size between waiting and early surgery 
probably lies in the upper half of the studied size interval. 
However, no matter what discriminating point is chosen, 
AAAs will still rupture during conservative treatment and 
patients will still die after surgery for a lesion that would 
never have ruptured. This ethical problem is serious but 
insoluble. 

Treatment must be acceptable”. Survivors of surgery 
have the same quality of life as the general population of the 
same age’, and it seems that only 2-5 per cent of patients 
refuse the offer of surgery’. However, at least 10 per cent of 
those with sizeable aneurysms have contraindications to 
surgery and 85-90 per cent of the lesions diagnosed at 
screening are initially too small for operation’. Follow-up 
without surgery decreases quality of life”!; still, half of 
these patients will undergo surgery within 5 years, and there 
is the possibility of developing models to predict cases for 
operation, based on serological markers with an acceptably 
high sensitivity and specificity. Efficient anti-inflammatory 
or antibiotic treatment is another possibility. Such develop- 
ments might reduce the psychological side-effects of 
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knowing that one has an aneurysm, but at present optimal 
follow-up is the only way of doing this®. AAAs of 3-0-3-5 cm 
diameter require follow-up only at intervals of 3 years, 3-5- 
4.0-cm AAAs every other year, and those over 4-0 cm 
yearly’. 

Finally, the benefits of screening must outweigh the 
costs’. The only randomized clinical trial of screening for 
AAA showed that it produced a 50 per cent reduction ın the 
aneurysm-related mortality rate'!. The costs and benefits of 
screening are currently being evaluated in randomized 
clinical trials in the UK, Australia and Denmark, involving 
over 100 000 65-79-year-old men. These studies are 
expected to answer the final points’: the ethical dilemma 
of the prophylactic operation, limited adverse psychological 
side-effects and minor uncertainties about the indications 
for treatment seem not to outweigh the benefits of screening 
if overall cost proves attractive. It is mteresting to speculate, 
however, whether or not the forthcoming national results 
will be generalizable to other countries. Aneurysm-asso- 
ciated and overall mortality rates, motivation for screening, 
transport opportunities, alertness for AAA, and cost of 
diagnosis and treatment no doubt differ from nation to 
nation, with corresponding differences in cost and benefit 
balances. 
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‘Cilnical dilemma 


An unexpected liver secondary 


At operation for carcinoma of the rectum an unexpected metastatic 
tumour deposit is found in the liver. What is the most appropriate 
surgical approach? Professors Balladur and Parc of Paris, France, 
reply. 


Surgery is the treatment of choice for operable metastatic 
colon cancer confined to the liver, with a 5-year survival rate 
of 20-40 per cent. In experienced hands the operative 
mortality rate is less than 5 per cent and the morbidity rate is 
of the order of 20 per cent. Approximately 15-20 per cent of 
patients will have liver metastases at the time of diagnosis of 
the primary colorectal tumour. When the liver metastases 
are resectable the surgeon must decide between a one-stage 
or two-stage procedure. 

In the context of the present Dilemma, three main points 
need to be addressed. 

1 Isthere an oncological advantage in resecting the primary 
and hepatic metastasis in one stage? 
2 Does a one-stage procedure influence the operative risk? 
3 Is resection of a rectal cancer compatible with simulta- 
neous hepatic resection? 
First, from an oncological point of view, given the 
immunosuppression noted after major surgery it is tempt- 
ing to conclude that a one-stage procedure diminishes the 
risk of rapid tumour growth. There is, however, no evidence 
in the literature to support this hypothesis. Conversely, 
combining hepatic resection with rectal resection may 
increase the need for peroperative or postoperative blood 
transfusion, which 1s itself known to be associated with an 
immmunosuppressive effect. Scheele er al.’ reported a 5- 
year survival of 30 per cent for 90 patients undergoing a one- 
stage procedure, no different to that of 42 patients under- 
going a two-stage procedure. In a series of 36 patients 
reported by Vogt et al.? the overall 5-year survival rate was 
20 per cent in both groups. 

Resection ofa liver lesion at the time of rectal surgery may 
well be inappropriate for an individual patient. A delay of 2- 
3 months allows further liver imaging (computed tomo- 
gtaphic portography has a high sensitivity for lesions of less 
than 1 cm in diameter) and the exclusion of pulmonary 
metastases. The delay also allows some patient ‘self 
selection’, multiple undetected metastases becoming man- 
ifest indicating a group of patients in whom liver surgery 
would be of no benefit. For other patients there is no 
evidence that such a delay decreases the chance of long-term 
survival; the authors use this period to offer chemotherapy. 


©2001 Blackwell Science Ltd 


A second consideration is a possible influence on 
morbidity and mortality rates. In a retrospective report 
from the French Association of Surgeons? involving more 
than 2000 patients, the operative mortality rate was 6-1 per 
cent after a one-stage procedure involving a major 
hepatectomy (more than two segments) compared with 
2-4 per cent after a two-stage procedure. However, no 
difference was observed for minor hepatectomies (two or 
fewer segments). In a series reported by Elias et a/.* 53 
patients underwent simultaneous hepatectomy and intest- 
inal anastomosis. There was no operative death and the 
morbidity rate was 19 per cent, 4 per cent related to the 
intestinal anastomosis. In a series of 90 patients undergoing 
simultaneous resection reported by Scheele et a/.*, there was 
a postoperative morbidity rate of 22 per cent, with 14 per 
cent related to the anastomosis; there were 13 anastomotic 
leaks. 

The authors perform the intestinal anastomosis before 
embarking on any hepatic surgery; clamping of the hepatic 
pedicle may cause some oedema of the intestinal wall, but 
this does not impair anastomotic integrity in any way. 
Conversely, portal hypertension, induced by hepatic 
pedicle clamping and by hepatectomy, may in itself render 
the construction of an anastomosis more difficult. Some 
authors have proposed intermittent clamping to safeguard 
intestinal healing*. In the present authors’ view the 
improvement in methods of liver transection allows minor 
resections to be performed without hepatic pedicle clamp- 
ing. At the same time there is no evidence that impairment 
in liver function noted after major hepatic surgery 
compromises intestinal healing. In the series reported by 
Elias et al.f 11 patients underwent resection of over 50 per 
cent of the liver mass with no anastomotic complications. 

It seems unlikely that opening the bowel increases 
the likelihood of infective complications related to the 
cut liver surface, nor does hepatic resection impair 
intestinal healing. To minimize any possible risk, bowel 
preparation must be scrupulous, the colorectal surgery 
should be performed before the liver surgery, and there 
should be a complete change of instruments between 
the two stages. 

Is resection of the rectal cancer compatible with hepatc 
resection? In the series by Scheele et al.’ the two 
anastomotic leaks directly responsible for death occurred 
in patients who had undergone a low colorectal anastomo- 
sis. The authors treat all low colorectal or coloanal 
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anastomoses as high risk and, as such, they should not be 

associated with major hepatic resection. 

From a technical point of view, discovery of a metastatic 
lesion by palpation at the time ofanterior resection requires 
a histological diagnosis before embarking on further 
treatment; it also suggests the need for intraoperative 
ultrasonography to visualize the rest of the liver. False 
negatives are less than 2 per cent in experienced hands. 

Searching the literature to answer the question about how 
to proceed in this clinical situation yields little in the way of 
hard data, but obviously a prospective randomized trial 
would be difficult or impossible to perform. The available 
evidence suggests that: 

1 There is no significant advantage in a one-stage 
procedure from an oncological point of view. 

2 The perioperative mortality rate is higher when a major 
hepatic resection is performed. 

3 For anterior resection of the rectum, the risk of 
anastomotic leakage is increased if simultaneous hepa- 
tectomy is also performed. 

When a hepatic metastasis is discovered at the time of an 

anterior resection, in addition to the above points the 

operating surgeon must also consider: 

1 The completeness of the preoperative staging investiga- 
tions. 

2 The local experience in peroperative ultrasonography. 

3 The completeness of preoperative patient counselling 
and consent. 
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The authors’ approach is to resect small solitary hepatic 
metastases as long as this involves only a minor hepatic 
resection, a margin of at least 1 cm is assured, and this 
requires only minimal modification to the incision. 


P. Balladur 
R. Parc 
Centre de Chirurgie Digestive 
Hopital Saint Antoine 
75012 Paris 
France 
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Oesophageal diverticula 
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Background: Oesophageal pulsion diverticula, excluding pharyngeal types, are uncommon sequelae of 
oesophageal dysmotility. Current opinion favours myotomy as effective therapy, but the role of 
diverticulectomy, myotomy selection and placement, and the need for fundoplication remain 
unresolved. 

Methods: A Medline search and review of references identified relevant English language articles. Data 
on epidemiology, aetiology, oesophageal motility, pathology, symptomatology, investigations, surgical 
management and outcome were examined. 

Results: Data were largely retrospective. Significant morbidity and mortality were associated with 
pulmonary aspiration and diverticulectomy site leaks. Surgical outcome was similar whether or not a 
diverticulectomy was added to a myotomy, but a myotomy clearly reduced the risk of leaks. 
Fundoplication reduced the incidence of postcardiomyotomy reflux symptoms. Results from minimally 
invasive techniques were similar to those of open surgery. 

Conclusion: Surgery should be reserved for symptomatic patients; asymptomatic patients may benefit 
from surveillance. Pulmonary aspiration mandates surgical intervention. Myotomy remains the mainstay 
of treatment and an adequate subdiverticular extension is crucial in relieving obstruction. A partial 
fundoplication is preferred in selected patients. Minimally invasive techniques should become the 


routine approach for oesophageal pulsion diverticula. 


Paper accepted 27 November 2000 


Introduction 


The literature describes a remarkable and ongoing evolu- 
tion in the understanding and management of oesophageal 
diverticula, spanning almost two centuries. Oesophageal 
diverticula are considered to be rare but this has not 
deterred interest in the condition, either historically or in 
the present era. The pathophysiological factors involved are 
not precisely understood, and the surgical management 
remains controversial and somewhat confusing. This paper 
reviews the English language literature on oesophageal 
pulsion diverticula, excluding the pharyngeal type, to 
determine a rational surgical approach to the disorder. 


Historical considerations 


DeGuise (1804) is credited as the first to accurately describe 
the symptoms associated with an epiphrenic (or lower) 
oesophageal diverticulum'*. Mondiere (1833) and 
Rokitansky (1840) proposed traction and pulsion forces as 
possible mechanisms for the formation of middle and lower 
oesophageal diverticula’’. Reitzenstein (1898) provided 
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the first radiological confirmation of the lesion, and 
Clairmont (1921) was the first to operate successfully on 
the pathology*. Since the mid-1800s clinicians consistently 
noted the frequent association of oesophageal motility 
disturbances, particularly with epiphrenic diverticula, but 
failed to recognized an aetiological link between the two. 
Furthermore, Barrett® (1933) dismissed this possibility and 
the concept was ignored thereafter until the 1960s. The 
elegant work by Cross’ in 1968, using oesophageal 
manometry with cinefluorography, provided objective 
evidence that oesophageal motility disorders were respon- 
sible for both mid-oesophageal and epiphrenic diverticula. 
The appreciation of the primary role of motility disorders, 
not only in the formation of oesophageal diverticula but also 
in symptom production, has led to fundamental changes in 
the surgical management of this pathology. Whereas simple 
diverticulectomy was historically the procedure of choice, 
the preference is now for a myotomy to address the 
underlying motility problem. Despite this understanding, 
there is still considerable variation in the surgical treatment 
of pulsion diverticula. The contentious issues are: (1) Who 
should undergo surgery? (2) Should myotomy be selective 
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or routine? (3) Where is a myotomy best sited? (4) Is an 
antireflux procedure necessary? (5) How should the 
diverticulum be managed? (6) What are the merits of 
minimal access surgery? 


Classification 


Oesophageal diverticula are commonly classified according 
to wall structure, origin, location and mechanism of 
formation. The location and mechanism of formation are 
the most relevant surgical features. 


Wall structure 


A true diverticulum retains all layers of the oesophageal 
wall. A false one lacks or has an attenuated muscularis 
propria. The term ‘pseudodiverticula’ is confusing; it 
describes diverticula that lack an epithelial lining, intra- 
mural sacculations from dilated submucosal glands, the 
transient appearance of diverticula during incoordinate 
contractions, and false diverticula as defined above”. 


Origi 
Oesophageal diverticula are either congenital or acquired 
lesions. According to the literature adult congenital 
diverticula are extremely rare and result from incomplete 
closure of the tracheo-oesophageal common cavity’, or 
from oesophageal duplication with heterotopic 
mucosa‘*!*, Congenital diverticula are usually true diver- 
ticula. Most oesophageal diverticula present later in adult 
life, have a false wall and are acquired. 


Location 


Proximal oesophageal pulsion diverticula (e.g. Killian- 
Jamison type) occur rarely”!* and may be associated with 
progressive systemic sclerosis'®'”. The more typical sites 
are the mid-oesophageal and epiphrenic regions. The mid- 
oesophageal or parabronchial segment is defined as 5 cm 
above and below the level of the carina™!®. The epiphrenic 
region is more variably defined but is generally accepted as 
the distal 10 cm of the oesophagus’®. Earlier papers ascribe 
the most common location to be mid-oesophageal, and 
diverticula were almost exclusively traction in origin??? *?, 
Later reports have established that diverticula generally 
develop in the epiphrenic region and are invariably pulsion 
in origin’. 


Mechanisms of formation 


Acquired diverticula are secondary to traction or pulsion 
forces. Whether both mechanisms may occasionally coexist 
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remains a matter of speculation®’. Perioesophageal adhe- 
sions from diseased bronchial lymph nodes lead to typically 
small, suspended, conical and broad-based, true traction 
diverticula. The classic cause is pulmonary tuberculosis’®, 
although anthracosis, histoplasmosis and treated non- 
Hodgkin’s lymphoma have also been reported”*”°, The 
pathophysiological mechanisms leading to pulsion diverti- 
cula are more complex and are thought to include 
disordered oesophageal motility, functional or mechanical 
oesophageal obstruction, and focal weakness of the 
oesophageal wall*”:?°?1_ Under these conditions suffi- 
cient pulsion forces may lead to mucosal herniation in the 
segment of maximum luminal pressure and least wall 
resistance. 

The majority of oesophageal diverticula are acquired, 
epiphrenic, pulsion diverticula of the false type. 


Epidemiology and aetiology 


Epidemiology 


The reports of oesophageal pulsion diverticula in the 
literature allude to an uncommon anomaly; the true 
prevalence remains unknown. Only 129 cases had been 
published up to 1952°”. The Mayo Clinic has the largest 
published collective number of patients with inion 
pulsion diverticula in the literature at 450 cases™ 646483335, 
Wheeler” calculated the prevalence to be 0-015 per cent for 
epiphrenic diverticula based on radiological appearances in 
over 20000 contrast oesophagograms. The estimated 
prevalence from Japanese series is higher (0.22-0-77 per 
cent)? and may reflect a national screening policy for 
gastrointestinal cancers. European studies*®?? have 
reported similar or higher radiological prevalences of 0-74 
and 2 per cent. In addition, oesophageal diverticula are 
recognized in less than 1 per cent of all oesophagoscopies 
and occur in 1-3 per cent of patients with dysphagia”. The 
peak age group of those affected is in the sixth and seventh 
decades of life, with a variable male preponderance in most 
of the larger series??? 62833:4043, 


Traction versus pulsion 


In the first half of the previous century tuberculosis was 
considered the most common cause of oesophageal 
diverticula’®. According to detailed postmortem studies 
by Kragh (1922) tuberculosis-associated lesions were found 
in 5—6 per cent of autopsies****, but a later postmortem 
series by Mellins (1952) found only four of 14 traction 
diverticula from 15 000 autopsies to be related to tubercu- 
losis'®. The low numbers of mid-oesophageal diverticula in 
reports since the 1960s parallel the decline in granuloma- 
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tous diseases involving peribronchial lymph nodes”*’, and 
traction diverticula are now considered rare in the western 
world'*?*"8_ More recently, oesophageal manometry has 
demonstrated motility disorders in 80-100 per cent of 
patients with mid-oesophageal diverticula? 9HY 
simultaneous manometry and cinefluorography has con- 
firmed the pathogenic role of oesophageal motility dis- 
orders in pulsion diverticula’?’?**", it is appropriate to 
consider all mid-oesophageal and epiphrenic diverticula as 
pulsion in origin until proven otherwise? PHY, 


. Since 


Motility disorders 


The common motility disorders encountered with pulsion 
diverticula are non-specific oesophageal motility disorder, 
diffuse oesophageal spasm and achalasia (or cardiospasm) 
(Table 1). Hypertensive lower oesophageal sphincter 
(HTLOS) and ‘nutcracker’ oesophagus are diagnosed less 
frequently. The essential pathophysiological features of 
these disorders are functional obstruction and high luminal 


pressures. Most motility disorders inherently involve the 
distal oesophagus, which may account for the epiphrenic 
predilection of pulsion diverticula’. Distal motiliey and 
LOS disorders are therefore least likely to cause mnd- 
oesophageal diverticula’; mid-oesophageal diverucul 
; 









are more likely to result from diffuse motility disorders”. 

Although achalasia is considered the commonest specific 
oesophageal motility disorder, less than $ per cent of those 
affected develop a pulsion diverticulum’ *. 
because oesophageal contractions are typically hypotensive 
or absent. The exception is ‘vigorous’ achalasia, character- 
ized by high-amplitude non-peristaltic contractions that are 
more likely to generate pulsion forces’! Diffuse oeso- 
phageal spasm is far less prevalent than achalasia but it results 
in pulsion diverticula in up to 42 per cem of patients °’ 


presumably 








Oesophageal obstruction 


Functional obstruction often results from oesophageal 
dysmotility giving rise to raised luminal pressures. 


Table1 Oesophageal motility disorders associated with pulsion diverticula 
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Mechanical obstruction from strictures, webs, tumours and 
even duodenal obstruction has been associated with 
oesophageal pulsion diverticulat®?°"*?", This implies 
that even normal peristaltic contractions against oeso- 
phageal obstruction may generate sufficient pulsion forces. 


Wall weakness 


A pharyngeal diverticulum expands through Killian’s 
dehiscence, an anatomically defined area of least resistance. 
While it is difficult to demonstrate a comparable morpho- 
logical arrangement in the oesophagus, many argue for its 
presence as a pathogenic factor in pulsion diver- 
ticula?*707682931 Inherent weakness may exist where 
muscularis propria fibres separate in the distal oeso- 
phagus”’’*, where vessels and nerves perforate the lateral 
oesophageal borders**”°°, or at the antimesenteric border 
of the embryonic foregut represented by the right 
oesophageal wall°'. Mediastinal structures may limit the 
appearance of left-sided pulsion diverticula. Injury from 
reflux oesophagitis with ganglia degeneration may also 
cause focal weakness’****, but the loss of muscle integrity is 
not a recognized feature of gastro-oesophageal reflux 
disease (GORD). Perhaps the strongest evidence of the 
pathogenic role of focal oesophageal weakness comes from 
reports of iatrogenic pulsion diverticula following localized 
disruption to the muscularis propria. Oesophageal 
pulsion diverticula have complicated enucleation of benign 
tumours? I, myotomies*”*?*°* and endoscopic perfor- 
ation”. A breach in the outer muscle layers may not only 
weaken the wall but may also disrupt normal oesophageal 
motility and produce functional obstruction”. By similar 
mechanisms, multiple pulsion diverticula have developed in 


Table2 Symptomatology 
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patients with oesophageal muscular atrophy and dysplasia 
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from progressive systemic sclerosis'®!’’’ and Ehlers- 
ee 
Danlos syndrome”. 


Clinical presentation 


Symptoms associated with oesophageal pulsion diverticula 
vary considerably in type, frequency and severity. It is now 
well accepted that they correlate with an underlying 
motility disturbance**** and are not primarily influenced 
by diverticular size*’. Furthermore, symptoms are equally 
likely to be present with mid-oesophageal and epiphrenic 
pulsion diverticula’’***°, They usually progress with 
timet, 


Dysmotility symptoms 


Most symptoms are intermittent and may progress for many 
years before presentation™®ćć, The most common are 
dysphagia and regurgitation (Table 2). Dysphagia results 
from functional obstruction due to incoordinate motility 
and is the most common complaint. Significant weight 
requiring hyperalimentation, may 
. Regurgitation of undigested food often 
accompanies dysphagia, and aspiration with a mortality risk 
may ensue", Respiratory complaints, including noctur- 
nal coughing, asthma-like symptoms, pneumonia and 
laryngitis, indicate aspiration; they may be the only 
presenting symptoms*'*?, Retrosternal chest pain is 
thought to be pathognomonic of oesophageal spasm, but 
may require correlation with manometry to establish the 


diagnosis™. Heartburn, if present, appears mainly related to 


loss, sometimes 


1,2,4,24,52,67 
result! 7474526 
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stasis oesophagitis but is occasionally due to acid 
1.49 6669 
reflux 026669. 


Diverticular symptoms 


Epiphrenic diverticula are the primary source of presenting 
symptoms in less than 20 per cent of patients™ 7783470, 
Symptoms often present acutely, usually indicating a 
complication. Total or near-total dysphagia may result 
from a large diverticulum distended with ood, compressing 
the adjacent oesophagus*? 946770-7? Disproportionate 
weight loss is common!?47446 67-727" and so escalation 
of dysphagia with increasing weight loss should raise the 
suspicion of an impending complication 

Retention of food within a diverticulum may cause 
regurgitation or vomiting of old and undigested 


3,24,31,66,67,75 Pan: . 
food®?431-6667.75  halitosis’®, retrosternal gurgling or 


angina-like chest pain 497678, More serious and poten- 
tially fatal manifestations include aspiration”? LSI (oeca- 
sionally during induction of anaesthesia! #4°4157.6%79), 
acute dyspnoea and stridor from pulmonary displace- 
ment’®, cardiac tachydysrhythmias from atrial compres- 
4127480 and diverticular rupture’?! 
tension pneumothorax**. The cause of atypical symptoms 
may remain obscure until the time of surgery!7?""°. 

Diverticular inflammation and ulceration may cause 
chest pain’*’’. Ulcer formation rarely progresses to profuse 
haemorrhage******* or perforation’?**, both of which are 
life-threatening presentations. A diverticular ulcer may 
fistulate into the pleural space or a bronchus and can result 
in an empyema’’’*?, Malignant transformation in a 
diverticulum is rare but well recognized, manifesting as 
dysphagia, weight loss or haematemesis*°*’, Although 
symptoms correlate with the presence ofa motility disorder 
rather than diverticular size"”, large retentive diverticula 
frequently give rise to symptoms??? 27734415281, What is 
not clear is the proportion of large dive-ticula (more than 5 
cm) that become complicated in this fashion. 


sion , and, rarely, 


Table3 Outcome for patients with minima! or absent symptoms 





No. of Follow-up 
“patients (months) 
25 >60 
SET ns. 
Siege 3-144 
Pe one 48-180 
Ae. 42-99 

5 48-228 
aaoo T 


Asymptomatic patients 


The proportion of patients with pulsion diverticula who are 
asymptomatic is disputed. Up to 80 per cent of patients were 
reported by the Mayo Clinic and others to have insufficient 
symptoms to warrant treatment” 
than half of the patients were asymprornatic (Table 2). 
Diverticula in asymptomatic patients are largely incidental 
findings and so the true number of patients with diverticula 
will remain underestimated"°°* 748°" 

Asymptomatic patients have been followed to determine 
their eventual outcome (Table 3), Over a 12-year period 
diverticular enlargement was noted in 16 per cent, but this is 


6,33,66 : 
0 Th other series fi 






- . r a ? : į 
of uncertain significance’. In several studies none of 
patients developed or had progre 
Conversely, Hudspeth et al’ found that six of n 










ssive symptoms” ” 





asymptomatic patients eventually became sympt 

and recommended surgery only when symptoms dev 
. §> r 

Altorki et a/°-, however, strongly advocate ope 





intervention in all patients, even if asymptomatic, | 
on a high rate of aspiration in nine of 20 patients. t 
whom developed life-threatening complications. One other 
patient who refused surgery died from aspiration pnew 
nia. Of note were five patients who presented with 
pulmonary symptoms. In a review by Debas et 
symptomatic patients who received no treatment. 
aspirated and two subsequently died from pulmonary 
complications. 

There is insufficient detail in the literature to help pre 
the natural history of asymptomatic disease, but less than 10 


per cent of patients may develop symptoms or complications 





ree at 
















related to a diverticulum. The rare poss:bility of malignant 
change should be considered; many authors advise regul 








surveillance and barium oesophagograms, with tre 
: : 19,35,53 54.8) ,01.92 

only if symptoms develop 

assess carefully for pulmonary symptoms. Evidence of 


aspiration, even in the absence of oesophageal symptoms, 
is an absolute indication for operative intervention, 





Values in parentheses are percentage of total namber of patients studied. n.s., Not specified 
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Pathology 
Diverticular morphology 


Pulsion diverticula consistently develop on the right 
posterolateral border of the epiphrenic oesophagus and 
have a deficient muscularis propria. Eighty per cent of 
diverticula are 1-5 cm in diameter and the mean diameter of 
the diverticular mouth is 25 (range 15-45)mm**. A 
relatively narrow mouth and a dependent diverticular 
fundus are believed to encourage food retention and 
diverticular enlargement*’**. Diverticula larger than 
Š em are sometimes known as ‘giant’ diverticula??"*°7*?, 
the largest reported diverticulum being 18cm”. 
Approximately 10 per cent of patients will have multiple 
pulsion diverticula®20262933-41-43.52_ 


Inflammatory changes 


Chronic diverticular stasis with bacterial overgrowth causes 
localized inflammation and ulceration, and may predispose 
to haemorrhage*** or perforation", Transmural 
inflammation may cause peridiverticular adhesions to 
adjacent structures, making operative dissection diffi- 
cult! +11316"7 and predisposing to fistula and abscess 
formation®’*. The presence of a chronic inflammatory 
infiltrate”, squamous hyperplasia??°#°°?.?, sub- 
mucosal hypertrophy, fibrosis and vessel wall thicken- 
ing?™®®, leukoplakia? and hyperkeratosis*’ have been 
described histologically. 


Risk of malignancy 


Carcinoma complicating epiphrenic and mid-oesophageal 
diverticula occurs sporadically and the overall risk to 
patients may be similar to that of the general population”. 
Between 30 and 40 cases of oesophageal carcinoma 
associated with pulsion diverticula have appeared in the 
English language literature!?8°*7°*°*, Hoover” reported 
two cases in 185 patients (1-1 per cent), Goodman and 
Parnes?” found one in 129 patients (0-8 per cent), and the 
Mayo Clinic up to 1976°°*** reported diverticular 
carcinoma in three (0-7 per cent) of some 450 patients. 
There is no conclusive relationship between malignant risk 
and diverticular size or chronicity but the suspicion is that 
both are contributing factors. Chronic stasis is more likely 
in larger diverticula that empty poorly. Stasis and inflam- 
mation is believed to induce epithelial atypia?™8795100101, 
Because of the false wall, diverticular malignant invasion 
may be early with lymph node involvement being com- 
mon!?86°9.97_ This may account for the poor prognosis of 
diverticular carcinoma. Where carcinomas are found in 
close proximity but not within diverticula, it has been 
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proposed that diverticular refluxate may have induced the 
. QF 
malignant change?!” 


Other oesophageal tumours 


Overall, 2-6 per cent of leiomyomas are found concurrently 
with oesophageal diverticula, but rarely within a diverticu- 
lum7°?8292.62,71 There is no strong aetiological link 
between the two, but an obstructing leiomyoma or one that 
causes pseudoachalasia may result in a pulsion diverticulum. 
A single case of malignant fibrous histiocytoma has been 
reported”. 


Hiatus hernia and gastro-oesophageal reflux 


Hiatus hernia coexists in 33-75 per cent of patients with 
oesophageal diverticula ™!”* 46, This was initially thought 
to have aetiological significance, as reflux oesophagitis was 
believed to cause focal wall weakness and oesophageal 
spasm’!”**. There is, however, a paucity of pH data and the 
prevalence of associated GORD remains poorly investig- 
ated. Castrucci et a/.*" found that nine (18 per cent) of 51 
patients had GORD on selective 24-h oesophageal pH 
studies, of whom three had a recordable motility disorder. 
In many cases oesophagitis, heartburn and regurgitation 
may be attributable to oesophageal stasis rather than 
GORD. Peptic strictures may be associated with pulsion 
diverticula, but this represents a minority of cases? 757546, 
No other convincing pathophysiological evidence exists to 
support a relationship between hiatus hernia, GORD and 
pulsion diverticula”. 


Investigations 


Most oesophageal diverticula are found incidentally. A plain 
chest radiograph, contrast oesophagogram, endoscopy and 
manometry are considered standard investigations for 
assessing the oesophageal obstructive symptoms that 
accompany pulsion diverticula. 


Chest radiograph 


" bi + rey 2 AY R 
An oesophageal diverticulum is often not visible!?9%8) or 


may appear as a mediastinal density or an air-fluid level on a 
plain chest radiograph” ®? 65679, These features are 
commonly misdiagnosed as a hiatus hernia™?. Pneumonic 
changes and signs of abscess formation may accompany 
aspiration or an oesophagopulmonary fistula, but the 


i : 277 py y . ; 
aetiology may go unrecognized™“’. The plain radiological 
features are relatively non-specific and the possibility of an 
oesophageal diverticulum should be entertained when an 


air—fluid structure is seen on a chest film. 
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Contrast oesophagogram 


Oblique views of a contrast oesophagogram best define 
diverticular number, location, diameter, shape and mouth 
size’! The filling and reflux dynamics of a diverticu- 
lum’!42,66 and whether it causes oesophageal obstruc- 
tion, may be demonstrated”*?461,67.69.71 A persistent 
mucosal irregularity may indicate debris, inflammation, 
ulceration, fistulation or malignant change, and requires 
further examination by endoscopy®!%7173:8697, A diverti- 
cular fistula may not be outlined and may only become 
obvious at surgery. The manner in which contrast agent is 
cleared from the oesophagus may help define a motility 
disorder, but a functional or mechanical cause of a stricture 
may not be differentiated. A radiological diagnosis of 
achalasia or diffuse oesophageal spasm can sometimes be 
made, but entirely normal penstaltic activity does not 
exclude the presence of a motility disorder*?”%. 
Contrast studies are therefore unreliable for evaluating 
motility patterns”*?**?, Occasionally, epiphrenic diverti- 
cula may be misdiagnosed as a hiatus hernia, even on an 
oesophagogram*75.76, 


Endoscopy 


Endoscopy is recommended irrespective of radiological 
86,87,95; it is essential for identifying oeso- 
phageal tumours or strictures as causes of dysphagia, and 
in differentiating radiographic irregularities while per- 
mitting biopsies for histology. Heterotopic tissue within a 
diverticulum suggests a duplication cyst'*!*, Ulcers and 
malignant lesions not evident on contrast radiology may be 
visible on endoscopy. An attempt should be made to enter 
the diverticulum and visualize the mucosa, as failure to do so 
has resulted in missed carcinomas**’, The risk of 
perforation from this manoeuvre is low and is more likely 
when a diverticulum is unknowingly entered**!™. Care 
should be taken when biopsying the false wall of a 
diverticulum. Endoscopy is a poor method of assessing 
oesophageal motility. 


Manometry 


Manometry is the ‘gold standard’ technique for diagnosing 
LOS dysfunction and oesophageal motility disorders; the 
diagnostic yields remain higher than those for radiographic 
studies?’ (Table 1). The presence of a sizeable diverticulum 
oranon-relaxing LOS may thwart repeated attempts to pass 
the manometry catheter across the sphincter”®”**?, and an 
accurate assessment may not be possible. Correct place- 
ment of the catheter may be achieved under endoscopic 
guidance*”. When manometry and other investigations fail 
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to demonstrate a motility disorder, one should remain 
suspicious. With the exception of achalasia, most motility 
disorders occur intermittently and may not be evident 
during oesophagoscopy, contrast radiology or standard 
manometry!” ó. Twenty-four-hour ambulatory manome- 
try increases the diagnostic yield and accuracy of motility 
disorder diagnosis, particularly for diffuse oesophageal 
spasm and non-specific oesophageal motility disorder, and 
should be considered when other conventional methods 
have failed to diagnose a motility problem‘®68104, 


Oesophageal pH 


Whether a 24-h oesophageal pH study is required depends 
on whether acid reflux is thought to be contributing to 
symptoms. It is difficult to imagine how gastric reflux may 
occur across a supercompetent LOS in achalasia, but 
GORD, without stricture complication, can occur con- 
currently with pulsion diverticula®6$9?:°2. Therefore, a 
positive pH study does not necessarily preclude the 


presence of a major motility disorder*™’. 


Other investigations 

Other investigations should be used selectively*’”°. They 
may be helpful in evaluating atypical symptoms or findings, 
whether a diverticulum is known to exist or not'!, 
Bronchoscopy may exclude primary bronchial pathology 
associated with a diverticulobronchial fistula. Computed 
tomography may define a mass lesion arising from a 
perforated or malignant diverticulum®™. Endoscopic ultra- 
sonography has been used to study diverticular wall 
structure and identify regions of muscular hypertrophy”?’, 
but its role in the management of the lesion has not been 
established. It may be helpful when staging a diverticular 
carcinoma. Radionuclide transit studies are of curiosity 
value only®:1, 

Despite investigations, the presence of a pulsion diverti- 
culum and related motility disorder may occasionally 
remain undiagnosed until surgical exploration. Examples 
have often involved acutely ill patients following diverti- 
cular rupture or cardiorespiratory embarrassment and the 
cause may be confused with a complicated paraoesophageal 
hiatus hernia’***!%. Jt is prudent therefore to consider an - 
oesophageal cause for any atypical or unexplained acute 
intrathoracic pathology.” 


Operative principles 


There 1s consensus that surgical treatment should be 
reserved for symptomatic patients. What the standard 
operative management should be remains a source of 
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diverse opinion. The published data were reviewed to 
determine which operative approach offered the best 
outcome. 


Preoperative considerations 


A thorough assessment of symptoms, oesophageal motility 
and the diverticulum is required. Nutritional supplements 
for significant weight loss may be warranted. The possibility 
of diverticular complications including malignancy should 
be considered, and large retentive diverticula must be 
emptied to prevent aspiration during anaesthesia. Surgical 
access should allow for any number of intended procedures 
to be performed, including diverticulectomy, myotomy and 
fundoplication. These techniques are well described else- 
where in the literature. 


Selective or routine diverticulectomy 


Few surgeons would consider diverticulectomy unneces- 
sary”. Many others only excise a diverticulum if there is 
diverticular inflammation, ulceration, dysplasia, fistulation, 
or if the lesion is suspected or known to cause symp- 
roms? 2 F47 5 L107, 

phagectomy. Retentive or large diverticula are also 


Invasive carcinoma warrants oeso- 


resected, even if asymptomatic, as the risk of aspiration 


Table4 Results following simple diverticulectomy 
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Total 





and complications from food retention are considered to be 
significant?°?°*!_ This selective approach is argued to 
reduce the incidence of suture line leaks and strictures from 
unnecessary diverticulectomies. Others suggest that diver- 
ticular imbrication or pexis would similarly reduce 
these risks, although the risk of malignant change may 
remain? °?523 Tris unclear how many authors advocate 
routine diverticulectomy as the aforementioned indications 
commonly exist, and the reasons for diverticulectomy are 
frequently unspecified*?°7"!?_ Routine diverticulectomy 
as an adjunct to myotomy, however, appears to add 
negligible morbidity (Tables4 and 5), and addresses the 
concerns of long-term diverticular complications including 
the risk of malignancy. 


Diverticulectomy with or without myotomy 


A comparison of published results illustrates higher rates of 
postoperative leak from a diverticulectomy suture line, and 
a higher incidence of persistent or recurrent symptoms and 
diverticular recurrence following diverticulectomy without 
a myotomy (Tables 4 and 5). Nearly 7 per cent of all patients 
in these studies had presented with recurrent diverticula 
following previous excision without myotomy"0} 774, 
Suture line leaks were associated with an inordinate 
mortality rate of 27 per cent, irrespective of whether 





diverticula | 


Recurrent 
= symptoms 






17014) 


Values in parentheses are percentage of total number of patients studied. *Leak-related deaths; tincludes data from Habein ez a@/.°* and Harrington’; 


texcludes data included in Allen and Clagett’? 
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myotomy was performed or not, and was 35 per cent 
following simple diverticulectomy compared with 15 per 
cent in those who had a myotomy. The Mayo Clinic’? first 
highlighted the poor results following simple diverticul- 
ectomy. Several authors still advocate diverticulectomy 
without myotomy in patients who have no demonstrable 
motility disorder, citing good results ard reduced risk of 
leaks from unnecessary myotomies*?’*°3, Suture line 
leaks and recurrent symptoms, however, have occurred in 
patients following selective diverticulectomy based on 
absent motility disorders” +”, For leaks following diver- 
ticulectomy with myotomy there is a suspicion that an 
insufficient myotomy, particularly in the subdiverticular 
region, may have failed to relieve distal obstruction??? +, 
Benacci et al.” even questioned whether a loose Nissen 
fundoplication after excision and myotomy may have 
created a distal obstruction sufficient to cause a suture line 
leak. Current evidence does not favour simple diverticul- 
ectomy without myotomy and emphasizes the need for 
accurate preoperative motility assessment and attention to 
the placement of the myotomy. 


Selective or routine myotomy 


Myotomy has become the mainstay of surgical treatment for 
oesophageal motility disorders. Although many surgeons 


TabieS Results following diverticulectomy with myotomy 
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Values in parentheses are percentage of total number of patients studied. *Leak-related deaths; tselective myotomies; droutine myotonues $ 


from Habein et a/.** and Harrington! 
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would not perform a diverticulectomy without a myotomy. 


many of the same surgeons argue that a mvotomy should 

only be performed if there is a demonstrable moule 
a 56 7 oo on a š 

disorder*?°*"6 (Tables 4 and 5). They deny there is anv 


j 


advantage of a myotomy in the absence of a moult 
disorder, but rather a risk of disrupting normal peristalsis. 
By avoiding unnecessary myotomies, a s 
may reduce postmyotomy leaks and ¢ 
reflux. Conversely, other surgeons are equally committed to 
performing a myotomy routinely, irrespective of whether 
or not a motility disorder can be demon- 
strated® 18263041 43.90,101 (Table 5). They argue that pulsion 
diverticula invariably arise from a functional obstruction 
and that preoperative investigations may not always identity 
motility disorders. The results following selective and 









lective approach 


stro-oesophageal 


routine myotomy are comparable and fail to demonstrate 
that one approach is inferior to another. 


Tailored myotomy 







Many types of myotomy have been rec 
pulsion diverticula, but there is a strong 
insufficient cardiomyotomies have been responsi 
diverticulectomy site leaks’), This has influences 
irrespective of the manometric abnormality. rout 
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the cardia to ensure that there is no residual oesophageal 
obstruction” "3L, An antireflux procedure is usually 
added. Others have attempted to preserve the antireflux 
mechanism if the LOS is known to be manometrically 
normal*?”®, or to limit the myotomy to less than 10 mm on 
to the cardia if functional obstruction involves the LOS***?. 
Several surgeons have warned against a myotomy when 
GORD or an incompetent LOS is demonstrated, but it is 
unclear whether they advocate antireflux surgery as primary 
operative treatment for these patients*”*’. Surgeons have 
also tailored the myotomy according to manometric 
characteristics. A cardiomyotomy is performed for achalasia 
or hypertensive LOS disorders, but the proximal and distal 
limits vary between individual operators? 10505366, An 
oesophagomyotomy is preferred for diffuse oesophageal 
spasm or non-specific oesophageal motility disorder but 
may commence from any level at or below the aortic arch. 
Some surgeons prefer to confine the myotomy to the 
manometric region of dysmotility, while others dispute 
whether it is valid to rely on manometry in this way!’. Other 
operators largely ignore the manometric details and site the 
myotomy according to the level of the diverticu- 
lum! t10 The myotomy starts either just above the 
level of the proximal lip of the diverticular mouth, or at the 
inferior lip, and ends distally on to the cardia. This approach 
depends on the notion thata pulsion diverticulum forms just 
proximal to an obstruction and that a subdiverticular 


Table6 Results following myotomy with and without fundoplication 








| Reference 





i 


=o fnoray 


1 


‘Total Es 


Values in parentheses are percentage of total number of patients studied 


British Journal of Surgery 2001, 88, 629-642 www. bjs.co.uk 


__-Myotomy without fundoplicat 






0 
0” 
o 
0 
8 


(18) 


myotomy best treats the pathology. There are a few who 
undertake a long ‘indiscriminate’ oesophagocardiomyo- 
tomy irrespective of the manometric findings and the 
diverticular location, and obtain a satisfactory out- 
come* #15256 Overall, the results from the various 
myotomies are difficult to compare. An operative principle 
worth considering is that the distal or subdiverticular 
portion of a myotomy may significantly influence outcome 
and deserves close attention when being performed. 


Antireflux procedures 


The debate continues about whether or not a myotomy 
should include a fundoplication. The risk of GORD after 
myotomy, particularly when it extends well on to the cardia, 
is appreciated but perhaps poorly quantified with pH 
studies. The incidence of acid reflux symptoms appears 
significantly less when fundoplication is added under these 
circumstances (Table 6). Routine fundoplication may also 
prevent stricture formation from acid reflux that has 
occasionally required oesophageal resection*’. Many agree 
that patients who have proven GORD should be considered 
for a fundoplication’®??""*", Although there is con- 
sensus that a partial or patch fundoplication is preferable to 
a complete wrap to reduce the risk of obstructive 
complications?" there is no evidence to justify fears 


of postfundoplication leaks (Table 6). 
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Minimal access techniques 


Minimal access surgery has been successful in the treatment 
of a range of benign oesophageal diseases''°. Early results 
from laparoscopic and thoracoscopic techniques for oeso- 
phageal pulsion diverticula are similar to those of open 
surgery (Table 7). Postoperative leaks have occurred in 8 per 
cent of patients’”'''° and symptom relief has been achieved 
in all patients reported so far. The potertial for pneumo- 
thorax appears to be associated particularly with laparo- 
scopic transhiatal dissection and has been noted in two of 13 
procedures''''!?, Ease of access, improved visualization, 
reduced wound-related morbidity and improved recovery 
rates are the perceived advantages of minimal access 
procedures™™ 03111113, Laparoscopic techniques avoid 
single-lung ventilation but giant diverticula or those above 
the epiphrenic region are best approached thoracosopic- 
ally’???1°111_ Dissection of large or adherent diverticula 
may be more challenging but this has not hindered the early 
success with minimally invasive procedures''. These 
techniques may yet prove to be the new standard for the 
future but further evaluation is necessary. 


Conclusion 


There is convincing evidence to suggest that oesophageal 
diverticula and their associated symptoms are sequelae of an 
underlying motility disorder. The precise pathophysio- 
logical processes are not fully understocd. Why do pulsion 
diverticula occur in some patients and not others? Why are 
associated symptoms so variable, if present at all? It is 
important to establish the characteristics of any underlying 
motility disorder and manometry achieves this best. Even 
when not demonstrable, the suspicion o7 dysmotility should 
remain. It is important to exclude the remote possibility of 


Tabie7 Minimal access surgery for oesophageal pulsion diverticula 
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diverticular malignancy as this significantiv influences 
surgical management. 

The decision to intervene only when symptoms are 
present is well supported in the literature. Fhe most 
significant morbidity and mortality risks associ: 
non-intervention result from aspiration. Therefore ev 
ence of aspiration mandates surgical intervention, even in 


ated wir 





the absence of oesophageal symptoms. Conservative 
management of asymptomatic patients should include 
regular clinical and radiological review, although the 
proportion of patients who will eventually develop svmp- 
toms is probably low. 

The disease spectrum does not allow for a standard 
operative approach in all cases. The most common causes of 
operative death are perioperative aspiration and post- 
operative leaks. It is clear that the historical preference for 
simple diverticulectomy is inadequate. The documented 
rates of early postoperative leak and mortality are sig- 
nificantly higher, as is the incidence of unrelieved symptoms 
and diverticular recurrence. The data strongly support 
myotomy as the mainstay of treatment, irrespective of how 
the diverticulum is managed. The majority of reports favour 
routine diverticulectomy, although there s no evidence tha 
selective diverticulectomy results in a suboptimal outcome. 





The placement of a myotomy is dictated by the manom 
findings, the function of the LOS, the 





attributed to inadequate myotomy in this region. Wh 
an antireflux procedure needs to be added remai 
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There is some consensus that a partial wrap or patch is 
preferable to minimize the rısk of postfundoplication 
dysphagia. The fear of postfundoplication suture line leaks 
appears unfounded. It 1s appropriate to consider an 
antireflux procedure when abnormal acid reflux is demon- 
strated before operation. 

The early experience with minimal access techniques in 
treating pulsion diverticula suggests potential benefits 
without compromising effectiveness or safety. The indic- 
ations and principles for such surgical intervention remain 
the same as those for an open approach. Specific difficulties 
encountered with the laparoscopic and thoracoscopic 
procedures appear to be few and minor, and minimal access 
techniques have the potential to become the standard 
operative approach for this condition. 

It is evident that many issues regarding the pathogenesis 
and management of oesophageal pulsion diverticula remain 
unresolved. Because of the uncommon nature of the lesions 
comparative studies are not possible and critical appraisal of 
new evidence remains the only means of determining 
current best practice. 
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Background: There is a growing interest in assessing the impact of a disease and the effect of a 
treatment on a patient’s life, expressed as health-related quality of life (IRQoL). HRQoL assessment 
can provide essential outcome information for cancer surgery. 

Methods: The core of this review is derived from a literature search of the Medline database. 

Results: Three types of HRQolL instrument can be distinguished: generic, disease specific and 
symptom specific. There are criteria against which HRQoL instruments may be evaluated. The 
instrument chosen must be reliable, valid and sensitive to change. 

Conclusion: HRQoL measurement may be useful in identifying the optimal surgical procedure. It may 
also be of help in deciding whether surgery in patients with limited life expectancy should still be 
considered. No HRQoL instrument fits all the recommended conditions or is suitable in all clinical 
situations. Using the appropriate instrument is essential to arrive at valid and clinically meaningful 


outcome measures. 


Paper accepted 8 January 2001 


Introduction 


For many years the outcomes of medical treatments have 
been measured primarily in terms of death, disability or cure 
but it is increasingly acknowledged that health-related 
quality of life GHRQoL) is an important additional outcome 
measure. Over the past 30 years several HRQoL instru- 
ments have been developed and most of them applied to 
studies of cancer or chronic diseases, generally to compare 
treatment outcomes in the context of clinical trials. A wide 
variety of instruments is currently available, which leaves 
the researcher with a confusing array of options. 

So far, the application of HRQoL instruments in 
evaluating treatment outcomes in surgical oncology is not 
routinely applied. The main objective of this review is to 
present to researchers and practitioners in the field of 
surgical oncology a brief overview of the different aspects of 
HRQoL, how HRQoL is measured, and the different 
instruments developed to measure it. 


Quallty of life measurement 


Apart from health-related factors, quality of life also 
includes non-health-related elements, such as personal 
income, location of residence and leisure time. However, in 
medicine there is a need to measure HRQoL, comprising all 
the areas that can be affected by aspects of health. 
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There is a consensus that HRQoL is a multidimensional 
construct. Generally, there are three principal aspects of 
HRQoL: physical, psychological and social’. These aspects 
are called domains. The physical domain refers to perceived 
and observed bodily function or its disruption. Examples 
are pain, nausea and mobility. Psychological functioning 
includes both positive and negative effects, for example a 
patient’s concerns, distress and mood. The social domain 
refers to the ability to perform activities related to a societal 
role. These are activities of daily life with respect to 
responsibilities in and outside of the home, including those 
associated with family, friends and colleagues. Besides the 
measurement of HRQoL by means of registration of the 
actual conditions measured on these three main domains, a 
global HRQoL assessment is recommended. Such a global 
HRQoL refers to the subjective appraisal of one’s own 
health as a whole. 


Types of quality of life instrument 


This article will focus on evaluative HRQoL instruments 
used in clinical trials. Three types of instrument can be 
distinguished: generic, disease specific and symptom 
specific. Generic instruments are designed to be used for 
all kinds of diseases and medical treatments. These allow 
comparisons to be made across conditions and interven- 
tions. However, generic instruments may fail to capture 
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those aspects of patients’ experience that are of clinical 
interest in a specific clinical setting. They cannot be used to 
evaluate HRQoL changes in detail because they are not 
sensitive enough and may lack particular relevant sub- 
domains. Examples of generic instruments are the Short 
Form 36-item Health Survey, Sickness Impact Profile and 
the Nottingham Health Profile”. Disease-specific instru- 
ments are designed to assess HRQoL in specific diagnostic 
groups or patient populations. The domains and items 
chosen for these instruments are directly related to the 
impairments caused by the disease process or its interven- 
tion. Therefore, disease-specific instruments are likely to be 
moze responsive to change. Examples are the Functional 
Living Index, Rotterdam Symptom Checklist, QL Index 
and Cancer Rehabilitation Evaluation System? 
specific instruments focus solely on the symptoms produced 
by a given disease process without addressing other 
HRQoL issues. It can be argued that they do not formally 
satisfy the HRQoL definition. Examples of a symptom 
severity instrument are the Gastrointestinal Symptom 
Rating Scale* and the McGill Pain Questionnaire’. 
Choosing an HRQoL instrument is based inter alia on the 


. Symptom- 


goals of the proposed research. If the aim is to determine 
whether a particular therapy improves symptoms, a short 
symptom-specific instrument will be sufficient. If broader 
effects of a specific disease process are to be studied, a 
diszase-specific instrument may be more appropriate. To be 
able to compare the results of one study with another, a 
generic instrument may be more appropriate. Most often, a 
combination of a generic and disease-specific instrument is 
used (Table 1). 

Evaluative HRQoL instruments encompass multiple 
domains and are therefore commonly indicated as profile 
measures. Opposed to this, health economists have devel- 
oped so-called preference-based HRQoL instruments. A 
distinguishing feature of a preference-based HRQoL 


Table 1 Types of quality of life instrument 


Type of instrument Application 
Generic instrument Comparisons across health conditions 
and interventions 
Disease-specific instrument ` Specific diagnostic groups and patient populations 
Symptom-specific instrument _ Symptoms of a certain disease process, e.g. pain 
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instrument is its potential to assign a single numerical 
value (or utility) to any health status of a particular patient. 
Based on a descriptive classification (i.e. domains or 
attributes) a preference index (utility) can be estimated 
that expresses the overall preference of the classified health 
state. This utility on a scale from 0 to 1-0 (0, death; 1-0, 
perfect health) is obtained by applying a predetermined 
multiattribute utility function. Utility figures are required 
to calculate quality-adjusted life years (QALYs) for cost- 
utility analysis; QALYs integrate mortality and morbidity 
to express health status in terms of equivalents of well years 
of life®. QALYs are appealing, because they provide a 
relatively simple means of reflecting the HRQoL effects of 
medical interventions and enable comparisons of interven- 
tions that have very different types of outcome. For 
economic evaluations, the cost of different treatment 
regimens can be related to the benefits of the regimens by 
QALYs are 
combined with the costs of each strategy to arrive at the 
cost per QALY gained. 


performing a cost-effectiveness analysis’. 


European Organization for Research and Treatment of Cancer 
approach 

The European Organization for Research and Treatment 
of Cancer (EORTC) has proposed a modular approach*. 
This consists of a core questionnaire supplemented by a 
module. The core questionnaire is a patient self-reported 
HRQoL questionnaire covering physical, emotional and 
social health aspects, and symptoms relevant to a broad 
range of patients with cancer. This core questionnaire is 
supplemented by disease- and/or treatment-specific instru- 
ment(s) to assess issues not (sufficiently) covered by the core 
instrument. An example is the EORTC QLQ-PAN26, 
designed for patients with pancreatic cancer. Adoption of 
this modular assessment strategy is intended to reconcile 
two principal requirements of a HRQoL measure: (1) a 


Examples 










Short Form 36-item Health Surve 
Sickness impact Profile, nangen ! 
Health Profile 

Functional Living Index, Rot te 
Symptom Checklist, Cancer Rehabilitation 2 
Evaluation System, i 
FACT-G- 


McGill Pain Guesiornake: 


EORTC. European Organization for Research and Treatment of Cancer, FACT-G, Functional Assessment of Cancer Therapy - General 
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sufficient degree of generality to allow for cross-study 
comparisons, and (2) a level of specificity adequate for 
addressing those research questions of particular relevance 
in a given clinical trial’. 

The most up-to-date version of the core HRQoL 
questionnaire currently available is the EORTC QLQ- 
C30, version 3.0. It consists of 30 items comprising five 
functional scales (physical, role, cognitive, emotional and 
social), three symptom scales (fatigue, pain and nausea/ 
vomiting), a global health and HRQoL scale, and a number 
of single items assessing symptoms (dyspnoea, loss of 
appetite, sleep disturbances, constipation and diarrhoea) 
and perceived financial impact of the disease. In this version 


for all items four or seven response alternatives are offered. 


Functional Assessment of Cancer Therapy — General 

The Functional Assessment of Cancer Therapy — General 
(FACT-G) may be viewed as the US counterpart of the 
EORTC instrument. It is a well validated and reliable 
HRQoL instrument specific to patients with cancer’? It has 
been used extensively in North America and, with many 
foreign language translations available, has also found its 
place in European and worldwide studies. This instrament 
adheres to a similar concept, namely a modular approach 
with a generic core questionnaire in combination with 
disease-specific modules, for example for use with breast 
cancer (FACT-B). 

The generic instrument (FACT-G, version 2) consists of 
28 items covering physical, emotional and social health 
aspects and symptoms relevant to a broad range of patients. 
Five or ten response alternatives are offered per item. The 
EORTC QLQ-C30 and FACT-G are different with 
respect to the phrasing of the items; the EORTC 
instrument uses questions while the FACT-G uses state- 
ments. Kemmler et a/.'' have compared the two instruments 
on the basis of empirical data. The EORTC QLQ-C30 and 
FACT-G were found to measure markedly different aspects 
of HRQoL, despite considerable overlap. This suggests 
that neither of the instruments can be replaced by the other 
and that a direct comparison of results obtained with the 
two instruments is not possible. 


Measurement properties of quality of life 
instruments 

HRQoL instruments should meet three essential metho- 
dological properties: reliability, validity and responsive- 
ness!*3. The first property, reliability, refers to the extent 
to which an instrument is free of measurement error 
(random error). Basically, there are two methodological 
approaches to estimate the reliability of an instrument: test- 
retest and internal consistency techniques'*. Test—retest of 
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an instrument is carried out by repeated examinations 
measuring an unchanged characteristic. Internal consis- 
tency refers to the degree of association among items 
addressing equivalent concepts. Most researchers prefer an 
instrument to have a reliability coefficient above 0-80. 

Validity ofan HRQoL instrumentis an important aspect, 
perhaps the most crucial. Validity is defined by the extent to 
which an instrument measures what it is supposed to 
measure’. The concept refers to the systematic measure- 
ment error. There are three main types of validity: content, 
criterion and construct. Content validity is non-analytcal 
and deals with the basic question ‘Is the instrument really 
measuring what it is intended to measure?’ Criterion or 
predictive validity is determined analytically and only 
applicable if there exists another method that can be 
identified as superior, i.e. a ‘gold standard’, If there is no 
gold standard available, the HRQoL instrument should be 
evaluated by construct validity. Construct validity refers to 
the incorporation of those components or dimensions ın the 
test that are hypothesized to underlie the concept that is 
being assessed. 

The third methodological property that a HRQoL 
instrument should meet, and that has only relatively 
recently received attention, is responsiveness. 
Responsiveness, or sensitivity to change, refers to the extent 
to which an instrument is able to detect and measure 
changes in HRQoL over time or after an intervention. To 
be of value, an instrument should be stable when no change 
occurs, but reveal changes in cases of improvement or 
deterioration in a person’s HRQoL. Two structural 
characteristics will aid detection of changes in HRQoL. 
First, the more items a scale has, the more responsive to 
change it will be. Second, offering respondents a range of 
response alternatives for each item will make the scale more 
responsive to changes in HRQOL. Five items per domain is 
generally accepted as satisfactory for detecting changes; five 
response categories per item are recommended. Although 
this approach is well defined conceptually, there are still 
some shortcomings from an analytical point of view. 

Besides methodological properties there are some 
practical issues that should be considered. A HRQoL 
instrument needs to be practical. This characteristic refers 
to the ease with which the instrument can be used. The 
questionnaire should not be too long if unanswered items 
are not to be encountered. In addition, an instrument must 
be appropriate for the health problem and the likely range of 
effects of the treatment being investigated. The research 
question has to be related to the type of HRQoL 
instrument. 

A substantial number of instruments published and in use 
have not been evaluated for all the characteristics men- 
tioned above. Ad hoc instruments should therefore be 
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viewed with caution. Researchers must know in advance 
how the data will be scored and analysed before they 
incorporate HRQoL assessment into studies (Table 2). 


Methodological issues in measuring quality of life 


As noted above, there is no clear-cut definition relating to 
the concept of HRQoL and so there is no ‘best’ HRQoL 
measure. Nevertheless, there is consensus about the general 
criteria that an instrument must fulfil. HRQoL instruments 
consist of a variable number of domains, usually about three 
(physical, psychological and social). Each domain gathers 
information focused on a particular HRQoL aspect. Each 
domain is subdivided into a number of questions, referred to 
as items. 

Responses to the items may be collected by a categorical 
scale or a visual analogue scale’. Categorical scales provide 
a number of prompts, each with a numerical score. The 
simplest form is 0 for no and 1 for yes. More often there are 
three, four or five categories of response per item. The 
visual analogue scale is a line of standard length with 
extremes of response indicated at each end. The subject is 
asked to mark the line at an appropriate point and the score 
is obtained by measurement of the distance from one end. 
Visual analogue scales require a little more explanation to 
subjects and are somewhat more difficult to analyse, but 
they provide a good range of responses. Categorical scales 
are relatively easy to score but may be rather unresponsive to 
differences if the range of responses is too limited’. 

‘The time frame of the instrument is the period that the 
respondent is asked to consider in forming a response. 
There should be a balance in selection of the time frame 
such that it is possible to detect differences and minimize 


Table 2 Measurement properties of quality of life instruments 


short-term fluctuations that do not represent real change 
but simply create noise in the data. A time frame such as the 
past week has often been used. 

As most HRQoL instruments comprise multiple 
domains and/or multiple HRQoL instruments are often 
used together, statistical testing should not be conducted in 
a conventional manner. Instead of testing each domain and/ 
or instrument separately, adjustments for multiple testing 
should be made by reducing the significance level of 
statistical testing to overcome the possibility of detecting 
an apparently statistically significant effect by chance. 
Various corrections are available (e.g. Bonferroni). 

Timing of assessment of HRQoL must be scheduled 
carefully and is clearly related to the study design and the 
disease. In general, a minimum of three assessments is 
required to capture relevant changes in HRQoL over ime 
ina clinical trial. The first assessment is one that should take 
place before the start of treatment and randomization 
(baseline), ifapplicable. The first assessment, although nota 
baseline in the true sense of the word, serves as such (a true 
baseline would be an assessment before the diagnosis of 
cancer). Furthermore, pretreatment HRQoL may be 
predictive of HRQoL during treatment and of survival!" 
The second assessment is during treatment, when treat- 
ment-related side-effects are expected to be at their height. 
The third assessment is at the end of the treatment. For 
most studies it is worthwhile evaluating the long-term 
effects of a treatment. Therefore, a follow-up at 6-12 
months is often recommended. In addition, timing of 
assessment is closely related to the statistical analyses being 
carried out. Because the course ofa particular type of cancer 
may be very different to that of other types of cancer, or 
because the course of the disease for individual patients may 





*Refers to the scientific value of the instrument; ‘refers to the ease with which the instrument can be used 
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be unpredictable, the measurement of HRQoL may require 
a special study design (for example, repeated measurement 
at a fixed interval or measurement if an event occurs) in 
combination with specific analytical techniques. 

Missing data during follow-up is a frequent problem 
encountered in longitudinal studies. Although special 
software programs exist to overcome this, at least partially, 
the best strategy is to try to prevent the occurrence of 
missing data as much as possible. Methodologies for 
handling missing data are still under development’. 

Compliance with completing HRQoL instruments may 
form an obstacle to their successful implementation. If 
possible, the instruments should have the following 
characteristics: (1) be easy to understand, (2) take less than 
10 min to complete, (3) contain not more than 30 items, and 
(4) be self administered”°. Moreover, attention should be 
given to the feasibility and completeness of data collection. 

To achieve semantic equivalence, standardized transla- 
tion procedures are required. An international guideline 
that seems to have become the standard for the translation 
of HRQoL instruments is based on the following proce- 
dure. The process consists of two forward translations of the 
source version, two back translations, lay assessment, and 
the production of a full report describing each stage of the 
process. Cultural adaptations of existing official versions 
follow a procedure of review of the ‘mother’ language 
version by a translation consultant, lay assessment, and the 
production of a full report describing the process. Any new 
translation should, if possible, be undertaken in close 
cooperation with the developers of an instrument. 


Quality of life and surgical oncology 


Measuring the results of surgery 


Surgical outcome has traditionally been evaluated by 
measuring two basic variables, mortality and morbidity. 
Goligher*! acknowledged that surgeons often adopt too 
simplistic an approach to the outcome of their efforts and 
are frequently content to judge results in terms of operative 
mortality rate, immediate operative morbidity rate and, in 
the case of operations for malignant disease, length of 
survival. Clinicians trained to obtain and rely on objective 
data sometimes have difficulty accepting the measurement 
of subjective evaluations. HRQoL should be considered as 
one of several possible clinical outcomes of interest. Its 
measurement can serve as an addition to measures of 
survival, complications and side-effects. 

In surgical oncology, HRQoL measurement may be of 
help in identifying the optimal surgical procedure. Studies 
of HRQoL after different operations for colorectal cancer, 
breast cancer, gastric cancer and limb sarcoma may be 
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regarded as examples. On the other hand, HRQoL 
assessment may also be useful in deciding whether surgery 
should still be considered for patients with limited life 
expectancy. For example, HRQoL assessment after opera- 
tions for advanced pancreatic and oesophageal cancer may 
provide a significant outcome measure. Some examples of 
surgical oncology HRQoL are presented below. 


Quality of life after treatment of colorectal cancer 


A literature review of the HRQoL of patients with 
colorectal cancer undergoing surgery indicated that none 
of the studies so far performed employed standardized 
HRQoL instruments tailored to the needs of the patients””. 

Ulander etal.”’ have performed an exploratory study 
examining HRQoL in patients undergoing surgery for 
colorectal cancer. Two validated instruments were used, the 
EORTC QLQ-C30 Core Questionnaire and the Katz’/ 
Hulter Asberg Index of Independence in ADL (activities of 
daily life). These instruments were being used before 
operation and at follow-up after 5-8 months. Overall small 
differences were found between preoperative and follow-up 
results in the domains of HRQoL and Independence in 
ADL. Few of the findings of differences in HRQoL 
domains and Independence in ADL were statistically 
significant. The authors concluded that a modular approach 
for HRQoL of patients with colorectal cancer is needed. 

To perform more methodologically sound studies, the 
EORTC developed a disease-specific HRQoL module for 
use in colorectal cancer®. The module includes primarily 
disease symptoms and side-effects related to different 
treatment modalities (i.e sphincter-saving resection, rectum 
extirpation, radiotherapy and chemotherapy). Additionally, 
HRQoL aspects that can be affected by (surgical) treat- 
ments (i.e. body image and sexuality) or that are related to 
stage of disease (i.e. future perspective) are also included. 
The module (QLQ-CR38) consists of 38 items. This 
module was tested and the results lend support to its clinical 
validity as a supplementary questionnaire for assessing 
specific HRQoL issues relevant to patients with colorectal 
cancer. 

Despite heterogeneity in surgical techniques and study 
procedures, methodological shortcomings, and the need for 
additional confirmation of these results, some relatively 
consistent findings about the long-term effects of surgical 
procedures emerge from several studies’’. For example, 
with regard to the issue of sphincter saving itis observed that 
a sizeable percentage of both patients with a stoma and 
patients with intact sphincters report limitations ın all areas 
of HRQoL. Although both groups often report their 
general health state to be reasonably good, they are both 
troubled by frequent or irregular bowel movements and 
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diarrhoea. Patients with a stoma report higher levels of 
generalized forms of distress and a more negative body 
image. These problems tend to be commoner in younger 
patients and in women. Colorectal cancer and its treatment 
can have an adverse effect on social functioning; patients 
with a stoma more often report restrictions in this respect. 


Quality of life after treatment of breast cancer 


Breast-conserving therapy (BCT) is now a well established 
alternative to a modified radical mastectomy (MRM) for the 
treatment of early-stage breast cancer. Since the first 
publication of clinical trials describing no difference 
between BCT and MRM with respect to duration of 
survival**?*, discussion of the physical, psychological, 
social, occupational and sexual impact of the different 
treatment options has continued. Initially, the general belief 
was that BCT would provide greater benefit because of the 
physical and emotional importance a woman attaches to her 
breasts”®, Kiebert et al.” described in their review that ten of 
the 12 studies that investigated the effect of treatment on 
body image reported positive outcomes with respect to 
body image in the BCT group. The remaining two studies 
found no difference between the two treatment groups with 
respect to body image. In the same review, six of eight 
studies that investigated fear of recurrence and death 
showed no difference between the two treatment strategies, 
and the other two trials found more fear of recurrence after 
MRM than after BCT. 

The EORTC Breast Cancer Cooperative Group 
initiated a prospective, randomized, multicentre clinical 
trial comparing mastectomy with BCT in patients with 
stage I and I breast cancers. In this trial HRQoL was 
assessed as well as survival duration and local recurrence 
rates. The focus was mainly on body image, fear of 
recurrence, satisfaction with treatment and cosmetic 
results, the last elicited from both patients and clinicians. 
A brief HRQoL questionnaire consisting of two multi-item 
scales (body image and fear of recurrence) and two single 
items (satisfaction with treatment and cosmetic result) was 
included in this trial. HRQoL was evaluated 2 years after 
the completion of therapy. Significant benefit in body image 
and satisfaction with treatment was observed in the BCT 
group. No significant difference was observed in fear of 
recurrence between the two groups. Ratings of cosmetic 
results decreased with time, in line with clinical observa- 
tions of long-term side-effects of radiotherapy. Wide 
excision appeared to be the most important predictive 
factor for poor cosmetic result. Poulsen etal.?? have also 
concluded that patients treated with BCT retain a better 
body image than those treated with mastectomy. 
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Whelan etal.’ conducted a randomuzed trial to evaluate 
the effects of radiation therapy on HRQoL. Women with 
lymph node-negative breast cancer who had undergone 
lumpectomy and axillary lymph node dissection (ALND) 
were randomized to either breast irradiation or no further 
treatment. The results demonstrated that radiation therapy 
had an effect on HRQoL during treatment. After comple- 
tion of treatment, irradiated patients reported increased 
breast symptoms (skin irritation, breast pain, upset by the 
appearance of the breast) compared with non-irradiated 
patients. However, no significant difference was detected 
between the groups at 2 years. 

One of the impetuses for sentinel node biopsy or selective 
ALND is the assumed decreased incidence of lymphoedema 
compared with standard ALND. Velanovich and 
Szymanski?! have studied the incidence and effect on 
HRQoL of postoperative lymphoedema in patients with 
breast cancer using the SF-36, a generic, well validated 
instrument. Patients were divided into three groups: breast 
surgery without ALND, breast surgery with ALND but no 
lymphoedema, and breast surgery with ALND and 
lymphoedema. They found that the overall incidence of 
clinically apparent lymphoedema for both MRM and 
lumpectomy with ALND is 8-3 per cent. The group with 
lymphoedema had significantly lower scores in the domains 
of role-emotional and bodily pain. Even though many 
patients with lymphoedema appeared to function well, a 
statistically higher percentage had HRQoL scores below 
one standard deviation of the national norm in the domains 
of bodily pain, mental health and general health. So, when 
lymphoedema occurs, it may cause a demonstrable diminu- 
tion in HRQoL. It seems clear that efforts to reduce the 
incidence of lymphoedema, such as sentinel node biopsy, 
would benefit patients with breast cancer. 


Quality of life after treatment of gastric cancer 


There are few prospective studies on HRQoL after 
gastrectomy for gastric carcinoma. The long-term impact 
on HRQoL of different reconstructive techniques is still a 
matter of controversy. The results of HRQoL can be biased 
not only by the method but also by the scorer. This may be 
the main reason why the results of some studies on the 
extent of gastric resection or the type of intestinal 
reconstruction are sometimes controversial. 

Svedlund etal?’ conducted a prospective randomized 
clinical trial to determine the impact of various gastrectomy 
procedures on HRQoL during a 5-year follow-up. Patients 
eligible for curative gastric cancer surgery were randomized 
to have either total or subtotal gastrectomy, or a jejunal S- 
shaped pouch as a gastric substitute after total gastrect- 


omy”. Assessment of HRQoL was made on seven occasions 
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during the 5-year follow-up. All patients were interviewed 
and graded by one of two psychiatrists who rated symptoms 
and introduced standardized self-report instruments cover- 
ing both general and specific aspects of life. Using scoring 
systems known to be able to detect subtle differences, the 
following may be concluded. Patients who had a total 
gastrectomy continued to suffer from alimentary symp- 
toms, especially indigestion and diarrhoea, during the 
entire follow-up period. However, those who had a subtotal 
gastrectomy had a significantly better outcome even during 
the first postoperative year. The early results showed that a 
pouch reconstruction did not improve HRQoL??, 
However, during the course of long-term follow-up 
significant differences emerged in favour of a gastric 
reservoir after total gastrectomy. Patients with a gastric 
substitute improved with the passage of time and had an 
even better outcome in the long term as they experienced a 
continued weight gain. Probably both the reservoir func- 
tion of the pouch and changes in intestinal transit time are 
important’. Similar results were found in a study by 
Liedman etal.” who also investigated the effect of a gastric 
reservoir on weight control. When a subtotal gastrectomy is 
feasible, this procedure has advantages in the early post- 
operative period. Pouch reconstruction after a total 
gastrectomy should be considered in patients with a 
favourable tumour status suggesting a fair chance of long- 
term survival. 

Thybusch-Bernhardt etaJ.** have used the EORTC 
QLQ-C30 and a validated gastric cancer module’? to 
evaluate the effect of radical surgical procedures such as 
extensive lymph node resection (retrospectively). They 
concluded that radical gastrectomy combined with D3 
lymphadenectomy does not negatively influence global 
HRQoL. 


Quality of life after treatment of limb sarcoma 


‘Treatment strategies for primary soft tissue sarcoma have 
emphasized local control with maintenance of limb func- 
tion, overall survival and HROQoL. External-beam radio- 
therapy has been widely advocated as a means of improving 
local control after limb-sparing procedures, although its 
effectiveness in this role has never been determined 
definitively. Radiotherapy to the extremity can result in 
significant functional impairment, such as oedema and 
wound problems. So, in addition to its effectiveness, itis also 
important to assess the impact of adjuvant radiotherapy on 
long-term function and HRQoL. Yang et al? performed a 
randomized prospective study to assess the impact of 
postoperative external-beam radiotherapy on local recur- 
rence, overall survival and HRQoL after limb-sparing 
resection of extremity sarcomas. For the analysis, data over a 
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follow-up period of 36 months after surgery were used. In 
this trial radiotherapy was shown to result in a statistically 
significant reduction in local recurrence in patients with 
either high-grade or low-grade sarcoma. However, overall 
survival and non-local recurrences were nearly identical for 
patients receiving or not receiving radiation. As a group, 
those receiving radiotherapy had significantly decreased 
joint motion in the affected limb compared with those not 
given radiotherapy. More oedema was found in the 
treatment group during the first year after surgery; muscle 
strength was also lower 1 year after surgery. Despite these 
findings, there were no significant differences between 
patients in the two treatment arms as measured by a global 
HRQoL scale (Functional Living Index ~ Cancer) or in 
performance of activities of daily living. This study indicates 
that although postoperative external-beam radiotherapy is 
highly effective in preventing local recurrence, selected 
patients with extremity soft tissue sarcoma who have a low 
risk of local recurrence may not require adjuvant radio- 
therapy after limb-sparing surgery. Another study showed 
that use of radiotherapy is a prognostic factor for poor limb 
function. Again, despite significant objective loss of range of 
movement and muscle power, patients retained a good 
HRQolL following limb-conserving therapy". 


Quality of life after treatment of pancreatic cancer 


During the period 1980-1996 there was a 25-fold increase 
in the number of references in the English language 
literature to HRQoL in pancreatic cancer; however, only 
a small proportion report HRQoL assessment during 
clinical trials. Of 78 papers reviewed by Fitzsimmons and 
Johnson* only nine used a previously validated HRQoL 
questionnaire and there are inconsistencies in the methods 
used to collect HRQoL assessment. 

The Gastrointestinal Quality of Life Index (GIQLD, a 
disease-specific questionnaire, is one of the validated 
questionnaires for patients suffering from different gastro- 
intestinal diseases*?. Van Dijkum et a/.* have validated the 
GIQLI for patients with potentially operable periampullary 
cancer, before surgical treatment. Furthermore, this study 
demonstrated that the GIQLI could be divided into four 
subscales, measuring physical well-being, mental well- 
being, digestion and defaecation. Measuring different 
aspects of HRQoL allows insight ito the different 
problems affecting a patient at the time of presentation. 

Recently, another disease-specific HRQoL question- 
naire has become available, the EORTC QLQ-PAN26. 
Again, this module is intended to supplement the core 
cancer module (the QLQ-C30). It comprises a number of 
key symptoms and functional and psychosocial domains. 
The reliability, validity and clinical responsiveness appear 
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to be good . McLeod etal. have described HRQoL after 
a Whipple procedure. One of the instruments used was the 
GIQLI, the results of which were presented as a single 
score. They concluded that HRQoL of patients after a 
Whipple procedure is excellent. 


Quality of life after treatment of oesophageal cancer 


The optimum treatment of patients with oesophageal 
cancer remains controversial. Few studies have prospec- 
tively assessed HRQoL using validated instruments. 
Examples of such instruments are the EORTC QLQ-C30 
(a generic instrument) and the Spitzer Index. The latter is 
performed by a psychologist after an interview. The 
agreement between doctor and patient, however, appears 
to be poor”. Furthermore, a disease-specific module, 
QLQ-OES 24, has become available to improve the 
sensitivity and specifity of the core questionnaire. 

Blazeby etal.** assessed the impact of oesophagectomy 
and palliative treatment on short- and long-term HRQoL 
in patients with oesophageal carcinoma using the EORTC 
QLQ-C30 and the dysphagia scale from the oesophageal 
cancer module. The conclusion of this longitudinal study 
is that oesophagectomy has a negative impact on HRQoL. 
This effect is transient for patients who survive for 2 years 
or more; however, patients who die within 2 years 
experience an irreversible diminishment in HRQoL, apart 
from the relief of dysphagia. Patients selected for palliative 
treatment initially have a poorer HRQoL than those 
selected for surgical treatment. After palliative treatment, 
HRQoL appears to be similar to that of patients who die 
within 2 years of surgery. 

Another prospective study showed that HRQoL after 
oesophagectomy is impaired primarily by physical limita- 
tions and disease symptoms. Two validated instruments 
have been used, the EORTC questionnaire and the Spitzer 
Index. The authors conclude that most areas of HRQoL 
improve with time*’. However, they excluded patients with 
recurrence or complications from analysis and the follow- 
up was short (less than 12 months). These findings should 
be considered when selecting patients for surgery. 


It is possible to establish criteria against which HRQoL 
instruments may be evaluated. HRQoL is a subjective 
endpoint, so its measurement must include the patient’s 
perspective and be sensitive to change over time. The 
instrument chosen must be reliable and valid. In addition, 
practical issues, such as timing of administration, respon- 
sibilities for quality control and data management, are 
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particularly important to arrive at valuable data. There is no 
HRQoL instrument that fits all the above conditions and is 
suitable in all clinical situations. The choice of instrament 
cannot be separated from the goals of the study. In the past, 
results of surgery were measured predominantly in terms of 
death, disability or cure. HRQoL is already recognized and 
established in oncology; its implementation in cancer 
surgery has not yet been completed. 

The awareness of HRQoL as an outcome measure in 
surgery may guide the surgeon in selecting the most 
appropriate operation. This applies even more when 
confronted with palliative care, a circumstance in which 
HRQoL should be regarded as the primary outcome of 
interest. As a result of the advance of technology, the 
possibility of surgical intervention tends to increase; the 
application of such surgical capability seems only justified, 
however, when satisfactory HRQoL is taken into account as 
outcome measure. This requires a better understanding and 
implementation of HRQoL measurement during clinical 
studies of surgical procedures. The instruments used in 
these studies should be valid, reliable and sensitive to 
change. To be able to draw conclusions, the results of 
HRQoL assessment need to be interpreted. In the absence 
of guidelines for interpreting clinical meaning, statistical 
significance is often used as the criterion. The P value is 
often quoted without reference to the size of the observed 
effect. The real issue, however, is whether the observed 
effect is larger than the smallest clinically important effect. 
These considerations should be kept in mind when 
investigating HRQoL in surgical oncology. 

Several future developments in the area of HRQoL may 
be predicted. New approaches are now being developed to 
reduce the number of items that the patient has to answer by 
applying multimedia devices in an interactive approach 
(adaptive testing). Standard HRQoL instruments are based 
on a fixed set of items. The adaptive testing approach 
improves the reliability of the measurements and reduces 
the number of items asked of the patient. From a large pool 
of items, only those that are informative are offered to the 
patient. This interactive approach stems from intelligence 
testing. Another approach that may be profitable is the 
Quality-adjusted Time Without Symptoms of Disease and 
Toxicity of Treatment (Q-TWIST) method. Originally 
designed to incorporate aspects of HRQoL into adjuvant 
chemotherapy, the methodology has also been useful in 
other disease settings, such as acquired immune deficiency 
syndrome, rectal cancer and malignant melanoma. The 
object of the Q-TWIST method is to include survival and 
HRQoL in a single analysis. These new developments in 
HRQoL should enhance the use of this type of outcome 
measure in the clinical situation. 
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Background: This study was a pragmatic economic evaluation carried out alongside a multicentre 
randomized controlled trial comparing laparoscopic with open groin hernia repair. The primary 
economic evaluation framework employed was a cost-utility analysis. 

Methods: At 26 hospitals in the UK and Ireland, 928 patients with a groin hernia were assigned 
randomly to laparoscopic or open repair. Cost data were identified and measured both within and 
outwith the trial. Cost data were combined with quality-adjusted life years (QALYs) from the EQ-5D 
questionnaire to obtain cost-per-QALY ratios. 

Results: The mean cost of laparoscopic hernia repair was £1112-64, compared with £788.79 for the 
open operation. The extra cost of £323-85 in the laparoscopic group was mainly due to additional 
theatre time and increased equipment and sterilization costs. The estimated incremental cost per 
QALY of the laparoscopic over the open method was £55 548-00 (95 per cent confidence interval 
£47 216-00-£63 885-00). 

Conclusion: While the results show that a high cost was incurred to produce an additional QALY by 
using laparoscopic over open hernia repair, sensitivity analyses show that there are specific situations in 


which laparoscopic repair may be a viable alternative, such as when reusable equipment is employed. 
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Introduction 


Recent interest in surgery for the repair of groin hernia, and 
more particularly laparoscopic repair, has been shown by 
publication of a review of effectiveness’, as well as its 
selection as a topic of interest by the National Institute for 
Clinical Excellence. Although essential, data on effective- 
ness alone cannot be used to decide surgical policy. 
Economic evaluation is also required for deciding the 
place of laparoscopic inguinal hernia repair in health 
services. The consideration of cost-effectiveness becomes 
even more important when there is no clear evidence of the 
predominance of any particular technique, as has been 
shown by previous research comparing methods of hernia 
repair’. 

A number of recent trials have included comparisons of 
the costs and benefits of laparoscopic repair with open 
repair”. The economic evaluation reported here was 
designed alongside a multicentre randomized clinical trial 


©2001 Blackwell Science Ltd 


British Journal of Surgery 2001, 88, 653-661 


(RCT) to evaluate laparoscopic compared with open 
inguinal hernia repair, details of which are published 
elsewhere®. This paper adds to existing evidence with the 
inclusion of a generic outcome measure, EQ-5D”, from 
which quality-adjusted life years (QALYs) can be estimated. 
Since the QALY is a general measure of quality of life 
(QOL), its use in this study is an attempt to capture specific 
health outcomes within one overall measure, providing a 
summary index of the impact of each technique on overall 
QOL. The inclusion of a generic measure in this economic 
evaluation is an attempt to provide information for policy- 
makers on the value of the different types of hernia repair. 

The multicentre, pragmatic nature of the economic 
analysis facilitated the capture of normal practice variation 
thus permitting the reporting of policy-relevant cost 
estimates. By relating the costs of each type of surgery to 
any benefits arising, a judgement can be made as to whether 
any additional benefits of the laparoscopic repair are worth 
the extra costs. 
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Patients and methods 


Design 

This economic evaluation was part of a RCT of laparo- 
scopic versus open groin hernia repair. At 26 hospitals in the 
UK and Ireland, 928 patients with a groin hernia were 
randomly assigned to laparoscopic (7# = 468) or open 
(n = 460) hernia repair. Patients were recruited between 
January 1994 and March 1997. All patients with an inguinal 
or femoral hernia were eligible unless they were medically 
unfit for anaesthesia, had a previous midline or paramedian 
incision, an incarcerated or inguinoscrotal hernia, an 
uncorrected coagulation disorder, or were pregnant. 
Laparoscopic repair was performed using either a transab- 
dominal preperitoneal or a totally extraperitoneal approach, 
depending on the surgeon’s preference. The method of 
open repair was decided pragmatically by each individual 
surgeon; most used tension-free mesh repair. A detailed 
description of the RCT and the main outcomes is reported 
elsewhere®. The economic evaluation framework used in 
this study was a cost-utility analysis carried out from a 
health service perspective. However, the paper also relates 
costs to other outcomes, such as time taken to return to 
usual activities. 


Measurement of costs 


Data on duration of operation, staffing and postoperative 
hospital stay for all trial patients were collected prospec- 
tively on standard forms to record preoperative, operative 
and postoperative indices. Questionnaires were also sent to 
all participants at 3 months and 1 year after the operation. 
(Copies of questionnaires can be obtained from the 
authors.) 


Operative costs 

Theatre running costs were identified from each centre 
by obtaining estimates of the booked cost of a theatre 
hour, which reflected fixed and semifixed costs. This 
was then combined with variable operative costs. To 
obtain the most accurate data and to capture specific 
details of variation between centres as well as ranges 
for resource use, operative costs relating to groin 
hernia repair (equipment, consumables and sterilization) 
were identified and measured prospectively. A struc- 
tured questionnaire was completed during a sample of 
operations from the main centres covering all types of 
practice. For items of equipment, an estimate of their 
lifespan was obtained as well as an approximation of 
the number of times used. From this, an annual 
equivalent cost was estimated and divided by the 
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annual use to obtain a cost per patient. The staffing 
element of theatre costs was based on each theatre’s 
specific ‘team’, reflecting the grade of surgeon and 
assistant, as well as the number and grade of nursing 
staff. Where operative complications were identified 
from the trial data, clinicians assisted in compiling the 
costs of each event. These additional resources were 
attached to the respective patient’s costs as a ‘compli- 
cation cost’. For each recurrent hernia identified from 
trial data, costs were assessed from a case-note review, 
based on available centre data on each type of 
operation, as described above. 


Other healthcare costs 

The specific cost of an inpatient day (including staffing, 
capital charges and overheads) on a general surgical ward 
was established at each centre. Where such marginal cost 
data were not available, the less specific mean cost per day at 
the centre was purged of elements already costed in the trial, 
such as staffing, equipment and supplies. For each patient, 
this cost was multiplied by the total inpatient stay obtained 
from trial data. Postoperative complications requiring 
additional resources were also identified from trial data 
and costed accordingly. Drugs were costed according to 
manufacturers’ price lists’°. 

Mean costs for the laparoscopic and open hernia groups 
were calculated using individual patient data refined with 
the additional, more detailed information from the 
operative cost questionnaire. The cost data were analysed 
by intention to treat. Length of hospital stay was analysed by 
the Mann-Whitney U test and return to usual daily 
activities was analysed by Kaplan-Meier survival analysis 
and the log rank test. Differences between the means of the 
two groups were calculated for each cost outcome. 
Confidence intervals were calculated for the total cost 
variable. 

Items of resource use were measured and valued in their 
naturally occurring units, e.g. per ampoule of drug or hour 
of staff time. Valuation was carried out at 1998 prices, using 
financial data from each centre augmented with unit cost 
data from the various laparoscopic equipment suppliers and 
available literature sources’®”* and, where appropriate, 
annuitized using a 6 per cent discount rate’’, according to 
lifespan and use. The study lasted 12 months; however, 
potential future costs, such as those associated with 
recurrent hernias, were discounted and overheads and 
capital charges were allocated accordingly to the hospital in 
use. The data vere analysed using Microsoft Excel®'* and 
the statistical package SPSS®!°. Sensitivity and threshold 
analyses were performed and are reported in this paper. For 
a more detailed account of the design and methodology 
used in this study, readers are referred to McIntosh et a/.’°. 
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Health status 


The primary clinical endpoints are reported elsewhere". 
They include: complications, return to usual social 
activities, hernia recurrence and groin pain persisting at 
1 year. The EQ-5D questionnaire’ was included for the 
economic evaluation to permit the calculation of QALYs. 
These data were obtained at three time points: 1 week, 
1 month and 3 months after the operation. The EQ-5D isa 
generic measure of health status that defines health in terms 
of five broad dimensions, each with three levels (Table 1). 
Combinations of these dimensions and levels gives rise to 
243 health states. These health states were given QOL 
scores by a sample of the general public and a UK tariff 
compiled'’. For each patient, EQ-5D responses to each of 
the five dimensions were scored by multiplying the 
valuation of their health state by the duration of time 
spent in that state. Since only three time points of EQ-5D 
data were available, power curves were fitted to model the 
EQ-5D profiles for the laparoscopic and open hernia repair 
groups over the period from baseline to 3 months. 
Essentially this means that a difference in QOL was 
assumed to exist for 3 months but with the magnitude of 
difference diminishing over time, from a maximum at 
1 week to zero at 3 months. In addition, QALYs lost due to 
recurrence in the laparoscopic group were netted out from 
this QALY gain. Again, a power curve was fitted for the 
recurrent hernia operations whereby it was assumed that if 
patients had not had a recurrence they would have returned 


Table 1 The EQ-5D descriptive system 








From reference 17 
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to a predicted health state. The mean QALY gain/loss was 
combined with costs to produce an incremental cost per 
QALY for laparoscopic repair. 


Results 


Data from the operative questionnaires showed minimal 
‘ariation in resources used between centres for open repairs. 
However, there were large variations in resource ase 
between laparoscopic repairs mainly resulting from varying 
equipment and sterilization practices. Some of the variation 
in the laparoscopic procedure was a result of specific 
individual hospital policy on reusable or disposable equip- 
ment, reduced options because of limited resources, or 
reflected the use of free or discounted tester goods from 
suppliers promoting laparoscopic equipment. 

The range of the costs collected during the trial is shown 
in Table 2. The mean cost of laparoscopic hernia repair was 
£1112-64, compared with £788.79 for the open operation 
(Table 3). The extra cost of £323.85 (95 per cent confidence 
interval in mean difference £275.27 
laparoscopic group was due to additional theatre running 


- £372.45) in the 


costs, increased equipment use and more expensive instru- 
ment sterilization. Postoperative costs such as 
practitioner appointments, hospital outpadent appamet- 
ments and other appointments after laparoscopic repair 
were £114.49, compared with £99.00) in the open gr 


peral 








compared with none after open repair, a stati 
a + or Roe: f 
significant difference”. This represented a mean ‘re 
rence’ cost of £6.57 after laparoscopic repair. 





Quality-adjusted life years 

There was a difference in the EQ-5D weik 
after operation (Table 4); the utility score was significantly 
higher in the laparoscopic group, 0-74 versus 0.68. The 






difference between the groups converged at 3 months. 
Since only three time points were available, power curves 
were fitted to these data; this gave rise to a gain in QAL Ys in 
the laparoscopic group of 0-00614 per person. A power 
curve was fitted for the recurrent hernia operations, 
whereby it was assumed that if patients had not had a 
recurrence they would have returned to a health state of 0.86 
(as reflected by the 3-month state shown in Table 4). This 
gave rise to a mean loss in QALYs of 0-0003 1, so the overall 
mean gain in QALYs for the laparoscopic group 









laparoscopic repair was £55 548-00 (£32) 
(95 per cent confidence interval £47 216-00 ~ £63 885.00), 
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Trial Group 


Table 2 Selection of costs of resources used in laparoscopic and open hernia repairs (1998 prices) 


Resource: 
“Staff 
Consultant — 
` Senior registrar 
` Staff nurse. 
Theatre time 






nt (vecuronium) 
gents (glycopyrronium 
romide and Pee) 
"Prophylactic antibiotics _ 
fe Morphine’ : 
Anaesthetic equipment: 
f Laryngeal mask“ 
T piece (oxygen) oe 
Endotracheal tube. = = 
Yankauer suction 
Hudson mask (oxygen 
` Operating equipment 
Endoscopy system: (camera 
and light source). 
Video unit. 
“TV monitor(s) 
-Endoscope (0°) 
© Insutflator (CO3) 
‘Reusable instruments- 
_Grasper aoe 
Scissors 
Dissector 
Basic instrument tray. : 
Equipment maintenance contracts : 
Sterilization : 
Autoclave : 
Ultrasonic machine <— 
Fluid. 
Basic tray: reprocessing 
Marginal ‘cost of an inpatient day 
Follow-up: appointments g ; 
General practitioner 
Outpatient appointment 











as) : 


*Reference 10. L, laparoscopic; O, open 


Sensitivity analysis 


Reusable versus disposable equipment 

One of the major differences between the centres in this 
study affecting costs was the different types of laparoscopic 
equipment used. The laparoscopic cost reported in Table 3 
isa mean value reflecting variation between the centres. The 
policy of employing reusable equipment reduced the mean 
operative cost of the laparoscopic procedure from £998.15 
to £817.79, a fall of £180.36, the total cost reducing from 
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VO 
L/O 
vO 
vO 


vO 
tQ 
LO 
L 
L 











; 5 (1 omg ampoule) 2 


ae z 26  Disposabie) 












= E53383 (Capital cost) 
< £1 069-16 (Capital cost) 8 
; Negotiable a 





; e7 625 (Capital wj 
82 162 (Capital cost) 
"| 825-85 per day 
£28. 32 per tay 

; £202 10. f 









-£14 
£62: 040 


£1112-64 to £932.28 (Table 5). This narrowed the differ- 
ence between laparoscopic and open repairs to £143-49 
(£932-28 versus £788-79), Combining this with the post- 
operative and appointment costs, use of reusable equipment 
would give an incremental cost per QALY in moving from 
open to laparoscopic surgery of £24 612-00 ((£932-28 - 
£788-79)/0-00583). The increased operative costs of laparo- 
scopic surgery using disposable equipment were £1294.18 
versus £696-96. Combining this with the postoperative and 
appointment costs, use of disposable equipment would give 
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Table 3 Mean cost of laparoscopic and open hernia repairs per patient 








Values in parentheses are 95 per cent confidence intervals. Costs reported in 1998 prices. “Includes staff, administration and overheads; wnel 
disposable equipment used in the laparoscopic group. GP, general practitioner 


an incremental cost per QALY in movin gi from open to 
laparoscopic repair of £102 439-00 (129418 ~ £696.96)/ 
Table 4 Scores obtained from the outcome measure EQ-5D 0-00583). 
l week, 1 month and 3 months after operation 
Operating time 
The operation took 15 min we in the laparoscopic 
group: mean(s.d.) 58-4(22.5) versus 43.4015) min. 
Threshold analysis was used to calculate the reduction in 
operating time that would have to be achieved for the 
laparoscopic procedure to break even with the costs of rhe 
open repair (Fig. 1). An operating time of 34 min is the 
threshold at which laparoscopic repair is equivalent in cost 
to open hernia repair. 





“Laparoscopic repair Open repair 





Values are mean(s.d.). £ test Length of stay 
The median (interquartile range (QR) length of stay 
after laparoscopic and conventional hernia repairs was 
Table 5 Sensitivity analysis on total operative costs 


= Laparoscopic repair e 





Values are mean (95 per cent confidence intervals). See Table 2 for a description of total operative costs. *Mean costs in non-varying group mas 


change slightly on sensitivity analysis due to statistical estimation by intention to treat 
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reported previously as 1 (1-1) and 1 (1-2) days 
respectively’. Since the IQR for open repair extended 
to 2 days, ihe sensitivity of the cost estimated to this 
variation was examined. The total operative costs for 


open repair increased to £854-15 (Table 5), reducing the 
£323.85 to 


difference from £159.49 (£1112-64 - 


140 
120 
100 


80 


pn 





40 


20 


Laparoscopic — open cost difference (£) 
D 
S 








584 55 525 50 475 45 425 40 375 35 34 33 


Laparoscopic operating time {min} 


Fig. 1 Threshold analysis: break even point for laparoscopic 
surgery with reusable equipment compared with open repair 


Table 6 Return to usual activities 






(days) 


10 (7-24) 
14 (10-30) 
28 (14-42) 





“Time to retum o activities 


£953.15. Based on this sensitivity analysis, the incre- 
mental cost per QALY in moving from open to 
laparoscopic repair decreases from £55 552.00 to 
£27 357-00 ((£1112-64 — £953-15)/0-00583). Open and 
laparoscopic procedures can also be carried out as a 
day case. While this trial did not compare these 
options, the data significant difference 
between length of stay. Hence the cost difference was 
As a result, the actual 
difference in cost reported would probably be unaf- 
fected if the interventions had been carried out as a day 
case. 


showed no 


not driven by this factor. 


Combining cost data with other clinical outcomes 


of the clinical outcomes, 
previously“, is provided in Tables 6 and 


A summary as published 
7. Using data 
on ‘Usual activities’ as the sole outcome, patients in the 
laparoscopic group were able to enjoy usual social life 
after a mean of 10 days while those in the open group 
were not able to enjoy usual social life until 14 days 
a statistically significant difference of 
4 days (P = 0-01). Using the cost data, this equates to 
an extra cost of £80-97 per extra day's gain in usual 
social activities (£323-85/4). Using the cost data with 
the outcome ‘Able to enjoy usual interests or hobbies’, 
the laparoscopic group returned to these activities 
7 days earlier. Thus, the cost of an extra day’s gain 
in usual interests or hobbies was £46.26 (€323-85/7). 


after operation, 


: Open repair 









i ; Time to return ot activi 





: ` (days) 
276 ug 
254. BT (10-42) 
153. 42. (21-61) | 


Values are mean (range). “Number of patients for whom return to particular activity is applicable. Kaplan-Meier analysis and log rank test 


Table 7 Clinical outcomes | year after operation 





. Open repair’ 
(n= 362): 


133 (36 2 
00) 





*Values in parentheses are percentages; tvalues in parentheses are 95 per cent confidence interval 
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Discussion 


The mean cost of laparoscopic hernia repair was 
£1112-64, compared with £788-79 for the open opera- 
tion. The difference of £323.85 was very similar to the 
£335.00 difference reported in the most recent eco- 
nomic evaluation of laparoscopic versus open mesh 
repair’, The difference in cost reported in Lawrence 
etal.* was £583.00. This higher cost difference is a 
reflection of the greater use of expensive disposable 
equipment and longer operating times for laparoscopic 
hernia repair (72 min). The reduced difference reported 
in this study reflects the current practice variation 
among surgeons, typified by an increased use of 
reusable equipment, as well as reduced operating 
times for laparoscopic repair (58 min). 

For practical reasons, many economic evaluations in 
hernia repair have collected data at a small number of 
centres: one!®!°, two, or three’. A multicentre trial 
generally has greater external validity*’. A greater number 
of centres allows for variation between hospitals such as 
policies on hospital stay and theatre equipment, and 
differing policies on the number and type of staff in theatre. 
In this study more detailed data were collected at the main 
centres covering a broad geographical spread. Hence, the 
mean values reported in this study are more likely to reflect 
common practice variation amongst centres with a mix of 
fully reusable, fully disposable and mixed disposable/ 
reusable equipment. In this study, sensitivity analysis 
showed that the mean cost varied markedly when a specific 
reusable or disposable only scenario was employed; laparo- 
scopic repair with disposable equipment cost almost double 
that of open hernia repair. Reusable laparoscopic equip- 
ment reduced the difference to only £143.49 per patient. 
Wellwood etal.” reported similar results, although the cost 
difference with disposable equipment was less extreme. 

In their sensitivity analysis, Lawrence et al.* showed that 
when the duration of laparoscopic hernia repair was halved, 
itremained more expensive, unless open repair incurred a 2- 
year recurrence rate of at least 15 per cent. Threshold 
analysis in this study showed that the operating time in the 
laparoscopic procedure would have to be reduced by 
24 min, as well as using reusable equipment, before it was 
equivalent to open hernia repair in terms of cost. There is a 
learning curve associated with minimally invasive therapy; 
the present cost analysis could be seen as comparing open 
hernia repair performed by experienced surgeons with 
laparoscopic repair by relatively less experienced surgeons. 

Combining the cost data with the EQ-5D data showed 
the incremental cost per QALY of laparoscopic over open 
hernia repair was £55 552-00. These cost-per-QALY ratios 
give an indication of the health gain of offering routine 
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laparoscopic hernia repair and therefore permit considera- 
tion of whether resources could be better used elsewhere. 
The interpretation of QALY gains within league tables, 
however, should be carried out with caution}. There is no 
explicit policy guidance on acceptable cost-per-QALY 
figures. However, ballpark implied estmates are that 
between £15-00 — £20 000-00 per incremental QALY is 
worthwhile. In a recent published review of studies 
reporting cost-per-QALY gains”, the range of incremental 
cost-per-QALY figures was from £9-00 to £900 000-00 
(median £4961-00). These data place the incremental cost- 
per- QALY of laparoscopic hernia repair in the, relatively 
high, ninth decile of this range. 

The generic QALY may not be sensitive enough to 
identify differences in surgical outcomes. In this study the 
laparoscopic hernia repair group reported less persistent 
groin pain and less numbness in the groin at 1 year, yet the 
EQ-5D converged at 3 months. Possible reasons include 
that either the EQ-5D is not sensitive enough, or persistent 
groin pain and numbness do not influence QOL, or the 
groups diverged after 3 months (which would not be 
identified as the EQ-5D was not completed at 1 year). 

Using data on ‘usual activities’ this study showed that 
people who had laparoscopic hernia repair returned to usual 
interests or hobbies 7 days earlier than those in the open 
repair group. Thus the cost to the health service of an extra 
day’s return was £46.26. Further research is required into 
how patients value the different outcomes’. Patients may be 
prepared to trade attributes such as waiting time or cost for 
an improvement in QOL and better short-term clinical 
benefits, favouring the laparoscopic procedure. Conjoint 
analysis could be used to establish the trade-offs between 
the attributes of each procedure and provide monetary 
estimates of benefit or utility scores for both laparoscopic 
and open hernia repair. 

Recently, a number of papers have suggested techniques 
for stochastic cost-effectiveness analysis’”:”?. However, as 
yet, there is no agreement as to the preferred method. The 
present study concentrated on mean costs and mean 
benefits. The main uncertainty in this study was based on 
equipment/supplies, i.e. variability between centres. This 
was overcome by very detailed compulation of specific 
operative resources at the main centres. 

Lawrence et al.* carried out a sensitivity analysis showing 
what recurrence rates and costs for open hernia repair 
would have to be for it to break even with the more 
expensive laparoscopic costs. In the present study there 
were seven recurrences in the laparoscopic group. If this 
variable represented the main outcome and 1t was compared 
with costs this would give a clear economic answer — the 
open operation provides added benefit at a reduced cost. 
This study has shown an unusually high recurrence rate 
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after laparoscopic repair of 1-9 per cent®; despite this, it had 
little influence on costs and would only do so when 
unrealistically high rates were reached. 

In the main clinical report of the trial® concerns about 
rare, serious complications and hernia recurrence were 
considered to support restricting the use of laparoscopic 
repair to specialist surgeons. From an economic perspective 
these rare events had little influence on costs. Laparoscopic 
repair would become more cost-effective if surgeons 
performed the operation more quickly. The two procedures 
become cost-equivalent if the duration of laparoscopic 
repair is reduced by 24 min to a mean of 34 min. 

A number of studies have included estimates of indirect 
costs or productivity gains of hernia repair?**!®?4. Kald 
etal.’ used the human capital approach to estimate indirect 
costs and concluded that laparoscopic repair was the most 
cost-effective strategy, provided that both direct and 
indirect costs were included. Liem etal.’ showed that the 
inclusion of costs to society offset the additional costs of 
laparoscopic repair by 75 per cent. The human capital 
approach is no longer recommended automatically because 
of theoretical flaws?” and the inclusion of indirect costs is 
also controversial. In recently published guidelines, the 
Washington Panel provided recommendations on how to 
incorporate productivity costs into cost-effectiveness ana- 
lysis, using a QALY approach”®. This approach recom- 
mends incorporating productivity costs as health effects in 
the QALY?’. For these reasons and, as in Wellwood etal.’ 
and Lawrence etal.*, this study did not calculate indirect 
costs separately. However, given that patients in the 
laparoscopic group who were employed returned to work 
14 days before patients who had open repair and the added 
cost of the laparoscopic group was £323.85, an automatic or 
‘implied’ value of each extra day’s return to work would be 
£23.00. By definition, such an implied value does not reflect 
the value a patient places on early return to work. However, 
such an approach provides a starting point for valuation 
without entering the debate on the best way of calculating 
indirect costs. 

In conclusion, the costs of laparoscopic repair were 
greater than those of open hernia repair. However, there 
were significant short-term QOL benefits after laparo- 
scopic repair as reflected by the additional QALY gain, 
although differences were no longer significant after 
3 months. Economic evaluation summarizes complex 
information by providing data on costs on one side and 
health gain (e.g. QALYs) on the other. Since both costs and 
health gain were higher in the laparoscopic arm, the 
judgement is whether an extra QALY obtained by the 
laparoscopic procedure is ‘worth’ an extra £55 552-00. The 
type of information provided in this paper can be used for 
decision-making purposes between differing specialty 


British Journal of Surgery 2001, 88, 653-661 www.bys.co.uk 


budgets, as well as for providing information on the relative 
cost-effectiveness of different hernia repairs. 
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Background: Chemotherapy for pancreatic cancer offers small survival benefits and considerable side- 
effects. Unsaturated fatty acids have an antitumour effect in experimental studies; in phase II studies 
few side-effects were seen. 

Mothods: In this group-sequential, open-label, randomized study, 278 patients with a diagnosis of 
inoperable pancreatic cancer were treated with either oral (700 mg daily for 15 days), low-dose 
(0-28 g/kg) or high-dose (0-84 g/kg) intravenous lithium gamolenate (LIGLA). The primary endpoint 
was survival time from randomization using Kaplan-Meier estimates. 

Results: Median survival after oral and low-dose intravenous treatment was 129 and 121 days 
respectively. Median survival after high-dose intravenous treatment was 94 days. A good Karnofsky 
score and the absence of metastases were associated with increased survival. Haemolysis, a marker of 
rapid infusion, was associated with a median survival time of 249 days in the low-dose intravenous 
group. 

Conclusion: Oral or low-dose intravenous LiGLA led to survival times similar to those of other 
treatments for pancreatic cancer although one subgroup (low-dose intravenous LiGLA with haemolysis) 
had longer survival. High-dose intravenous treatment appeared to have an adverse effect. Systemic 


treatment with LiGLA cannot be recommended for the treatment of pancreatic cancer. 


Paper accepted 14 January 2001 


Introduction 


Pancreatic cancer is the fifth most common cause of cancer- 
related death in men and the seventh most common cause of 
cancer-related death in women in the western world, with 
an estimated incidence of 9-10 cases per 100 000 popula- 
tion’. The prognosis is poor; the average survival time after 
diagnosis is less than 6 months and fewer than 4 per cent of 
patients survive 5 years”. 

Certain polyunsaturated fatty acids (PUFAs), particularly 
the highly unsaturated fatty acids including gamolenic acid 
(GLA), have been shown # vitro to have antitumour 
activity. They are cytotoxic to tumour cells at concentra- 
tions that show little or no toxicity to normal cells under 
similar conditions. In addition to producing cell death 
through the production of peroxides and superoxides 
during lipid peroxidation, PUFAs may contribute to 
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apoptosis and cell cycle arrest. There is evidence that 
PUFAs exert a regulatory effect on tumour invasion and 
metastasis by improving cell-cell adhesion (increasing E- 
cadherin and desmosomal protein expression and changes 
in membrane fluidity), reducing tumour cell—matrix adhe- 
sion, inhibiting enzymatic matrix degradation and reducing 
tumour cell motility (spontaneous and motogen 
mediated)’. 

The partially water-soluble lithium salt of GLA, lithium 
gamolenate (LiGLA), has been shown to have dose-related 
selective growth whibitory and cytotoxic effects on human 
pancreatic cell lines*. Results from a phase H open-label, 
dose-escalation study of intravenous LiGLA ın 48 patients 
with pancreatic cancer demonstrated an increase in patient 
survival’. Intravenous LiGLA was well tolerated; adverse 
events were clinically insignificant compared with those 
associated with chemotherapy”. 
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The aim of this study was to compare the efficacy and 
safety of two intravenous doses of LiGLA with that of oral 
treatment. The primary endpoint was patient survival. 
Secondary endpoints included assessment of tumour 
response and treatment toxicity. 


Materlals and methods 


This group-sequential, open-label, randomized study was 
conducted at 17 centres between December 1993 and June 
1996. Ethics committee approval was obtained in each 
centre and all patients gave voluntary written informed 
consent, before enrolment into the study. The study was 
conducted in accordance with Guidelines on Good Clinical 
Practice® and the principles of the Declaration of Helsinki’. 

Regular independent interim analyses were performed, 
and reviewed in confidence by an independent review 
committee. The study was terminated when there was 
statistical evidence of a difference in survival rate between 
the treatment groups. 


Patients 


Two hundred and seventy-eight patients, aged 18-84 years, 
with a diagnosis of inoperable pancreatic cancer were 
randomized to receive treatment as described below. 
Patients were required to have either a histological 
diagnosis of pancreatic cancer or an unequivocal clinical 
and radiological diagnosis, a predicted survival time of at 


least 2 months and a Karnofsky performance status of at , 


least 60 per cent. In addition, at some tme within a month of 
entry to the study, patients had to have a serum albumin 
level greater than 30 g/l. 

Randomization was carried out at a central registry; 
patients were allocated to treatments by minimization to 
ensure a balance between groups for sex, age, presence of 
distant metastases and previous chemotherapy and/or 
radiotherapy. 


Study assessments 


All prestudy screening (baseline) assessments were per- 
formed no more than 4 weeks before the start of treatment. 
Diagnosis was confirmed by computed tomography (CT) 
and/or ultrasonography, staging of the disease and histol- 
ogy where available. Karnofsky performance status was 
assessed and medical history and other demographic data 
were recorded. Blood samples were collected for the 
measurement of serum lithium levels, and for biochemical 
and haematological assessment. 

At weeks 6, 10, 14, 30 and 42 after starting treatment, and 
at 12-week intervals thereafter, the patients were assessed 
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clinically, the Karnofsky performance status was noted, and 
blood was taken for biochemical and haematological 
analysis. Adverse events and concomitant medication were 
recorded on the first and last day of each treatment interval, 
and on day 7 of each treatment interval in patients receiving 
intravenous therapy. Patients receiving intravenous treat- 
ment were monitored daily by dipstick urinalysis for 
haemolysis or haemoglobinuria. Serum lithium levels 
were measured in all patients receiving intravenous treat- 
ment on days 2, 4 and all subsequent days of the treatment, 
and in orally treated patients on the last treatment day only. 

‘Tumour response was assessed by CT and/or ultrasono- 
graphy at week 6, week 30 and at alternate visits thereafter. 
Scans of patients in whom the disease was considered to 
have stabilized or improved were reviewed independently. 

Patients were followed until death or termination of the 
study. 


‘Treatments 


LiGLA was supplied by Scotia Pharmaceuticals (Stirling, 
UK). Oral medication was provided as gelatin capsules, 
containing 350 mg GLA as the lithium salt. Patients were 
required to take two capsules (700 mg) each day for 15 days. 
Intravenous medication was provided as 5-ml ampoules 
containing 140 mg/ml LiGLA (equivalent to 700 mg GLA) 
in 12 per cent aqueous ethanol. This was diluted m 500 ml 
0-9 per cent sterile saline and 10 000 units heparin and 
administered by slow intravenous infusion. Patients with a 
previous history of thromboembolic disease were pre- 
treated with an additional 10 000 units heparin before 
commencing treatment with intravenous LiGLA. 
Treatment commenced with one ampoule on day 1, 
followed by increasing daily doses until a total dose of 
either 0-28 g per kg body-weight (low dose) or 0-84 g per kg 
body-weight (high dose) had been infused over 10-12 days. 
Serum lithium levels were measured and the rate of infusion 
was reduced or treatment interrupted if the serum lithium 
level rose above 0-7 mmol/l. 

All patients started treatment within 4 weeks of the 
screening/baseline visit. A further course of treatment could 
be given at the discretion of the responsible clinician 
24 weeks after the first course and at 6-month intervals 
thereafter. 


Statistical analysis 


The study was designed to have 90 per cent power to detect 
a difference in median survival of 4 months between the oral 
and high-dose intravenous treatment groups at a 5 per cent 
level of significance. The reference median for oral 
treatment was taken to be 120 days. 
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Table 1 Patient characteristics at entry to the study 


“All 















(n= 278) 
“Histologically confirmed disease 163 (69) 
‘Metastatic disease. 
No distant metastasis 157. (56) 
_ Distant metastasis ` 119 (43) 
sed 2 (1) 
19 (7) 
10 (4) 
22 (8) 
17 (6) 
z 132 {47} 
oe 90-100 126 (45) 
Not assessed 8) 
` Jaundice at prestudy assessment 96 (35) 


Values in parentheses are percentages. LiGLA, lithium gamolenate. 


Table 2 Reasons why patients were withdrawn from the study 


LIGLA treatment group ~ 
Sos Low High 
“Total. Oral -intravenous intravenous. 
{n Scape {a= 90). (n= 95). 
: Death : : : : ee Pe i 
From: pancreatic cancer 146... 46 54 AGES A 
Other causes AG Cee 8 3 
Adverse event e 2. 0 ‘Bes 
Request of patient: 28 8 10 <10 
Withdrawn by investigator 36... 8. 012 16 
Lost to follow-up. HaGo 3 2 1 
“Other reason eoig “3 4 2 
{details not recorded) = ae 
‘Alive at study termination | BRB. SL 8 
Not known: ee | Ve ae | 


LIGLA, lithium gamolenate 


The double triangular test® was used to compare survival 


rates at each interim analysis and to enable termination of 


the study when evidence was sufficient. The primary 
comparison of survival in the test was between the high- 
dose intravenous and oral treatments. The first interim 
analysis was planned after a total of 40 deaths had occurred 
in these two groups, with subsequent interim analyses after 
every 30 new deaths in these groups. 

Patient survival was estimated from the date of randomi- 
zation (primary efficacy variable), and from the date of first 
treatment and the date of diagnosis (secondary efficacy 
variables), for all patients and for all patients with 
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LIGLA treatment group 

Oral : Low intravenous : 
(n = 93) (n= 90) 
57 (61) 53 (69) 
54 (58) 51 (87) 
39 (42) 38.(42). 
0 (0) 1) 

9 (10) 4 (4) 

4 (4) +e 
9: (10) 56) 
7 (8) 66) 

51 (55) “48 (48). 

35 (38) 40-44): 
0.(0) - 2 (2) 

25 (27) 33 (37) 





oe = 48.2.2 d.f, P< 0-01 


histological confirmation, by the Kaplan-Meier method. 
Patient survival was also modelled using the Cox propor- 
tional hazards model to investigate the effect on survival of 
various covariates (sex, age, presence or absence of 
metastases, previous chemotherapy and/or radiotherapy, 
and Karnofsky performance status) and treatment. Possible 
interactions between these covariates were also investi- 
gated. Terms were included in the statistical model if they 
were significant at the 10 per cent level. To enable the 
influence on survival of each factor to be assessed, risk ratios 
were obtained from the proportional hazards model. A 5 per 
cent level of significance was used to determine whether a 
covariate or treatment effect was significant. 


Results 


The study was terminated by the independent review 
committee after the fourth interim analysis. 

Ninety-three patients received LiGLA 700 mg orally for 
15 days, 90 patients received a low-dose intravenous 
infusion of LiGLA (total dose 0-28 g/kg) and 95 patients 
received a high-dose intravenous infusion of LiGLA (total 
dose 0.84 g/kg). The treatment groups were similar in age 
(mean 63 years), height (mean 168-8 cm) and weight (mean 
63-5 kg). Baseline disease characteristics were similar, apart 
from significant differences in the distribution of jaundice at 
the time of prestudy assessment (Table 1). 

Forty-seven patients (17 per cent) received a second 
course of treatment: 21 patients in the oral group, 18 in the 
low-dose intravenous group and eight in the high-dose 
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Fig. 1 Kaplan-Meier plots of survival from randomization: 278 
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patients with pancreatic cancer treated with lithium gamolenate 
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Fig. 2 Kaplan-Meier plots of survival from randomization: 163 
patients with histologically confirmed pancreatic cancer treated 
with lithium gamolenate 


intravenous group. Four patients in the oral group and two 
in the low-dose intravenous group received a third course of 
treatment and one patient in the low-dose intravenous 
group received a fourth course of treatment. 

At the time of study termination, 32 patients were still in 
the study; 159 had died, six were withdrawn because of 
adverse events and the remainder had either been with- 
drawn by the investigator or were discontinued for other 
reasons (Table 2). 


Survival analyses 


Kaplan-Meier survival curves from the date of randomiza- 
tion are shown for all patients (Fig. 1) and for patients with 
histologically confirmed pancreatic carcinoma (Fig. 2). 
Patients in the oral treatment group had a median survival 
time from randomization of 129 days compared with 
121 days for the low-dose intravenous group and 94 days 
for the high-dose intravenous group. The median survival 
time was similar in patients with histologically confirmed 
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Values in parentheses are 95 per cent confidence intervals. LiGiA, 
lithium gamolenate 


disease (121, 120 and 83 days respectively), Survival times 
from first treatment and from the date of diagnosis were 
similar (data not shown). 

The estimated effects of the covariates on patient survival 


Th 


Ho 





from randomization are summarized in Table 
mortality risk was increased by the presence of distant 
metastases or a lower Karnofsky score at baseline but not by 
sex, age (more than 60 years) or previous treatment. Risk 
ratio estimates for survival from first treatment were similar: 
however, when survival was measured from the nme of 
diagnosis, previous treatment significantly reduced t 
mortality risk (risk ratio 0-38 (95 per cent confidence 
interval 0-22-0-64)). 

The median survival time for patients with a good 
baseline Karnofsky score (90-100 per cent) was 160 d 
low-dose intravenous treatment, 150 days for oral treat- 
ment and 115 days for high-dose intravenous treatment 
compared with 67, 62 and 42 days respectively fe 
with a Karnofsky score of 80 per cent or less. In patie 
histologically confirmed disease, the median survival time 
was 207 days in the low-dose intravenous treatment group, 
compared with 149 and 95 days in the oral and high-dose 
intravenous groups respectively. 

The median survival times in patients without metastatic 
disease were similar in the oral and low-dose intravenous 
treatment groups (179 and 176 days respectively) and 
longer than that for patients without metastatic disease 
who received the high-dose 
(135 days). In patients with metastases median survival 
times ranged from 59 to 65 days. 
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Clinical progress 





Scans of 31 patients thought to have a clinical response were 
reviewed independently and a partial response or stable 





www. bjs.co.uk British Journal of Surgery 2001, 8R, 662- 


666 Lithium gamolenate in advanced pancreatic adenocarcinoma « C. D. Johnson, M. Punus, N. Davidson, S. Todd and R. Bryce 


Table 4 Serious adverse events possibly or probably related to 
treatment 
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LiGLA, lithium gamolenate; CVP, central venous pressure 


disease was confirmed for nine patients. There was no 
difference between treatment groups in the development of 
new clinical manifestations of disease such as anorexia, 
jaundice and melaena. 


Haemolysis 


Haemolysis, as detected by haemoglobinuria, was reported 
as an adverse event in three patients receiving oral treatment 
and in 26 and 54 patients receiving low- and high-dose 
intravenous treatment respectively. Mean haemoglobin 
levels decreased during treatment from 12-1 to 11-2 g/dl 
in the low-dose intravenous group and from 12-4 to 9-9 g/ 
dl in the high-dose intravenous group, but returned to 
prestudy levels by the 6-week assessment. Haemoglobin 
levels did not change during oral treatment. Mean bilirubin 
concentration rose from 15 to 24 mmol/l in the low-dose 
intravenous treatment group and from 14 to 30 mmol/l in 
the high-dose group; these returned to prestudy levels at 
6 weeks. There was no change in the oral group. Blood 
transfusions were given to 15, 12 and 27 patients in the oral, 
low-dose intravenous and high-dose intravenous groups 
respectively, during treatment or in the 6 weeks after 
treatment. 

Patients who experienced haemolysis in the low-dose 
intravenous treatment group (7 = 26) had a median survival 


British Journal of Surgery 2001, 88, 662-668 www. bjs.co.uk 


time of 249 days compared with 105 days in patients 
without haemolysis (7 = 64). In the high-dose intravenous 
group the respective survival times were 95 days (#7 = 54) 
and 81 days (7 = 41). 


Adverse events 


There were no significant changes during treatment or 
during the 6-week post-treatment interval for most of the 
biochemical criteria. Median serum levels of liver enzymes 
at week 6 were similar to pretreatment levels. Neither oral 
nor intravenous treatment had any long-term effect on liver 
enzymes. 

Adverse events were reported by 244 patients (88 per 
cent). The most frequently reported adverse events, 
regardless of cause, were nausea, vomiting, abdominal 
pain and constipation, followed by haemoglobinuria and 
anorexia. The serious adverse events are summarized in 
Table 4. Six patients were withdrawn from the study as a 
result of adverse events. Two patients withdrew from oral 
treatment owing to vomiting and gastrointestinal haemor- 
rhage. Three patients discontinued intravenous treatment 
because of nausea and vomiting, sepsis or perforated 
abdominal viscus. One further patient was discontinued 
from the high-dose intravenous treatment because of an 
unspecified adverse event. 

Twenty-five thromboembolic events occurred in 24 
patients, namely deep vein thrombosis in 11 patients, 
pulmonary embolism in six, deep vein thrombosis and 
pulmonary embolism in two, axillary vein thrombosis in one 
and stroke in five patients. Only five of these were 
considered to be related to the study medication and none 
was attributed to the method of drug delivery. 

Side-effects possibly associated with lithium occurred in 
176 patients in this study but were attributed to the study 
medication by the clinical investigator in only two patients 
receiving oral treatment, five in the low-dose intravenous 
group and seven in the high-dose intravenous group. The 
mean(s.d.) maximum levels of lithium recorded during 
treatment were 0-40(0-36) mmol/l in the low-dose intrave- 
nous treatment group and 0-80(0-48) mmol/l in the high- 
dose intravenous group. A mean lithium level of 
0-15(0-11) mmol/l was recorded for the oral treatment 
group but this was based on data from only 44 of the 93 
patients. 


Discussion 


This study contains no evidence for a therapeutic effect of 
systemically administered LiGLA in patients with advanced 
pancreatic cancer. Survival times in this study for the oral 
and low-dose intravenous treatment groups were similar to 
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the median survival times of 105 and 130 days reported in 
the untreated control arms of randomized studies”!° and 
are similar to, or shorter than, survival times obtained in 
studies using 5-fluorouracil either alone or in combination 
with other agents. In these other studies, median survival 
times ranged from 120 to 210 days!*"?°. 

An earlier study of LiGLA® investigated the safety and 
efficacy of a combined intravenous and oral treatment 
regimen. ‘The present study was designed to compare 
survival after two different intravenous dose regimens or 
oral treatment. No untreated (placebo) group was used 
because the primary aim was to determine differences 
between the three treatment protocols. At the time this 
study began, there was no widely accepted standard 
treatment for inoperable pancreatic cancer, and this study 
was conceived as a phase I/II study to look for evidence ofa 
dose-related treatment effect. No beneficial effect of larger 
doses was observed, and the outcome after oral or low-dose 
intravenous treatment was similar to that seen in previous 
studies. 

Median survival after high-dose intravenous LiGLA 
treatment was shorter than after the low-dose intravenous 
regimen. The reasons for this are not clear. Although more 
patients in the high-dose group had jaundice at prestudy 
assessment, all patients had CT and the proportion with 
distant metastases was similar in all three groups. There 
were no significant differences between the three groups in 
the distribution of Karnofsky performance status scores, 
another factor associated with survival. There are no data on 
pain or opiate requirement in the three groups. It is known 
that good pain relief may prolong survival in advanced 
pancreatic cancer!’, but no data are available on this point, 
although pain relief and performance status are likely to 
correlate. It is possible that the difference was due to a 
tumour-promoting effect of the high-dose intravenous 
LiGLA, perhaps by an effect on the immune response to the 
tumour. The shorter survival in the high-dose intravenous 
group may have been related to the higher proportion of 
jaundiced patients in that group, perhaps also mediated by 
effects on the immune system. It is unlikely that the shorter 
median survival after high-dose intravenous treatment was 
due to a direct toxic effect of LiGLA, as the early survival 
curves were similar in the three groups. The survival times 
of 94-129 days in this study were close to the median 
survival times (105 and 130 days) seen in the untreated arms 
of earlier studies””®; it remains possible that the observed 
difference represents chance variation. 

Over half the patients had histological confirmation of 
the diagnosis of pancreatic adenocarcinoma, and the 
survival times were similar in patients with or without 
histological confirmation, suggesting that the results for all 
patients were reliable. 
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Haemolysis occurred ina large proportion of patients and 
was dose related in that it was more common in the high- 
dose intravenous group. It is likely that haemolysis occurred 
during rapid intravenous infusion as a result of a direct effect 
on the plasma membrane of red cells at high plasma 
concentrations. Haemolysis was less frequent when care 
was taken to limit the rate of infusion. Features related to 
haemolysis, such as a rise in bilirubin and a fall in 
haemoglobin level, were more frequent in the high-dose 
intravenous group. Patients with haemolysis in the low- 
dose intravenous group survived longer than those with no 
haemolysis. Although systemic administration of LiGLA 
had no effect on the primary tumour, direct tumour 
injection in an experimental model can slow the growth of 
tumour nodules'® and LiGLA 1s cytotoxic in vitro’. This 
raises the possibility that rapid infusion with transient high 
plasma concentrations of LiGLA sufficient to cause 
haemolysis might have a direct antitumour effect, perhaps 
by modifying the implantation or growth of micrometas- 
tases. 

LiGLA treatment had a favourable toxicity profile. Hair 
loss, severe nausea and vomiting, blood disorders, fever and 
skin rashes were not reported. The most frequently 
reported adverse events were related to the gastromtestinal 
system and, although these may be attributed to the study 
medication, they may also be associated with pancreatic 
cancer. The incidence of serious adverse events considered 
to be treatment related was very low; the highest incidence 
was in association with the high-dose intravenous treat- 
ment. Thromboembolic disease is a frequent complication 
in advanced pancreatic cancer with a reported incidence of 
7-63 per cent'””°. In this study, thromboembolic disorders 
occurred in 9 per cent of patients. 

In this large study of patients with advanced pancreatic 
cancer, systemic administration of LiGLA led to survival 
times similar to those seen in historical placebo-treated 
patients. Although treatment was not toxic, high-dose 
intravenous LiGLA was associated with a shorter median 
survival than low-dose intravenous treatment. The 
encouraging phase II results with LiGLA given orally and 
intravenously have not been confirmed. 
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Background: The aim of this study was to compare the results of conventional open 
haemorrhoidectomy as currently practised in Italy (group 1) with stapled haemorrhoidectomy using a 
33-mm circular stapling device (group 2). 

Methods: One hundred patients with symptomatic third- and fourth-degree haemorrhoids were 
enrolled by five hospitals. Patients were allocated to the two groups according to a centralized 
randomization scheme featuring five permutated blocks of 20. Preoperative clinical examination and 
anorectal manometry demonstrated no features of anal incontinence. Patients had a clinical and 
manometric re-evaluation after operation and were asked to complete a clinical diary. After a median of 
16 (range 8-19) months patients were administered a standardized questionnaire by telephone. 

Results: Postoperative bleeding requiring haemostatic procedures occurred in three patients in each 
group. Patients in group 1 complained of moderate pain for a median of 5-3 (range 0-19) days compared 
with 3-1 (range 0-10) days in group 2 (P = 0-01), while severe pain was present for 2-3 (range 0-24) days 
in group 1 but only for 1 (range 0-14) day in group 2 (P = 0-03). The median hospital stay was 2 days in 
group 1 compared with 1 day in group 2 (P = 0-01). In the early days after operation, patients in group 2 
had greater difficulty in maintaining normal continence to liquid stools (P = 0-01), but after 30 days the 
continence score was better in group 2 (P = 0-04). 

Conclusion: Stapled haemorrhoidectomy is as effective as conventional haemorrhoidectomy. Reduced 
postoperative pain, shorter hospital stay and a trend toward earlier return to work suggest short-term 
advantages for the stapled technique. 
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subjective pain threshold, the quality and type of: 
thesia, postoperative analgesia and the surgical te 





Introduction 





aique 


Thomson’ demonstrated that in patients suffering from 
haemorrhoids, the specialized ‘cushions’ of submucosal 
tissue lining the anal canal slide downwards, together with 
the anal mucosa, owing to fragmentation of Parks’ ligament. 
It is argued that haemorrhoids are merely the result of this 
displacement and that prolapse poses an obstacle to venous 
outflow, resulting in congestion, bleeding and a predis- 
position towards thrombosis. 

Surgical excision of haemorrhoids is effective in treating 
haemorrhoidal prolapse but is still much feared by patients, 
above all because of the ensuing postoperative pain. The 
amount of pain depends on various factors including the 
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used. Pain is usually worst during the passage of stool owing 
to direct stimulus of the wound and sphincter spasm, Pain 
has also been attributed to incarceration of the smooth 










muscular fibres and mucosa in the transfixed 
pedicle and to the fact that the anal canal has been b 
its epithelium. Nevertheless, a recent randomize 
comparing closed and open haemorrhoidectomy” 
reveal significant differences in the linear analogue 
scale and in the need for analgesics between the two 
methods. 

A new approach to the treatment of haemorrh 
been proposed, a transverse mucosal prolapsectamy at the 


pat n 


is has 
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anorectal junction with a circular stapler. This technique 
involves interruption of the terminal branches of the 
superior haemorrhoidal arteries, resection of part of the 
prolapsed mucosa, lifting the mucosa up in the anal canal, 
over the high-pressure zone, thus correcting the prolapse 
and reducing arterial inflow. Preliminary data obtained by 
Longo? are encouraging, featuring reduced postoperative 
pain, quick recovery and no adverse functional sequelae. In 
the short term, the circular stapler technique has been 
reported to be a significantly less painful alternative to 
Milligan-Morgan haemorrhoidectomy and is associated 
with an earlier return to normal activity. Because this 
technique is well accepted by patients and operators, its use 
has spread rapidly and widely in Europe before the 
appearance of controlled randomized studies in the medical 
literature. Two papers that compare stapled haemorrhoi- 
dectomy with the Milligan~Morgan procedure have been 
published recently, both of which report significant 
advantages for the stapling technique. Mehigan et ak4 
reported similar postoperative in-hospital stay but signifi- 
cantly less postoperative pain and an earlier return to work 
in the group treated with a stapled technique. Rowsell et al.” 
also reported significantly less pain after operation, an 
earlier return to work and a shorter hospital stay among 
patients treated with stapled haemorrhoidectomy. These 
two papers did not definitively dispel the scepticism among 
some coloproctologists®, however, mainly because of the 
small number of patients recruited and the short follow-up. 
Furthermore, functional and manometric evaluation was 
lacking. 

This prospective randomized controlled multicentre 
study was conducted to compare the effectiveness and 
safety of stapled haemorrhoidectomy using a circular 33- 
mm stapler with conventional Milligan—Morgan haemor- 
rhoidectomy’ in a large cohort of patients. 


Patients and methods 


One hundred consecutive patients with symptomatic third- 
and fourth-degree® haemorrhoids were enrolled by the five 
participating hospitals between May 1998 and April 1999. 
The study was approved by each local ethics committee. 
After obtaining informed consent, patients of either sex, 
aged between 25 and 78 years were enrolled. All were 
candidates for surgical haemorrhoidectomy to treat symp- 
tomatic haemorrhoidal prolapse. Patients with concomi- 
tant anal disease (fissure, abscess, dermatitis, fistula, 
Crohn’s disease, ulcerative colitis, rectal cancer) and 
patients on treatment with oral anticoagulants were 
excluded. Patients were allocated to two groups according 
to a centralized randomization scheme involving five 
permutated blocks of 20. Haemorrhoidal prolapse was 
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associated with bleeding in 26 per cent of patients in group 1 
and 34 per cent of patients in group 2, with anal pain in 22 
and 26 per cent, and with perianal itching in 14 and 6 per 
cent respectively. Each of the five hospitals received 20 
progressively numbered closed envelopes and each operator 
opened the sealed envelope in the operating theatre before 
performing the stipulated operation: open haemorrhoid- 
ectomy according to Milligan—Morgan (group 1) or 
prolapsectomy with an Ethicon ILS 33° circular stapler 
(Ethicon Endo-Surgery, Cincinnati, Ohio, USA) (group 2). 
Twenty patients were therefore operated by each of the 
surgeons involved in the trial in their hospital. Patients were 
prepared for the operation with suppositories or enemas, 
according to the usual practice in each centre, and the 
operation was conducted under general or spinal anaes- 
thesia or posterior perineal block. 

In open haemorrhoidectomy, the haemorrhoids were 
prolapsed and retracted from the anal canal, and the 
subcutaneous submucosal tissue was infiltrated with a 
solution of adrenaline in saline 1 : 200 000. A V-shaped 
perianal incision was made at the base of the haemorrhoids, 
which were dissected from the internal anal sphincter up to 
the level of the vascular pedicle using diathermy. The 
pedicle was transfixed as described by Milligan et a/.’. 

In circular stapled haemorrhoidectomy, one or two 
purse-string sutures were inserted at least 3 cm proximal 
to the dentate line using an Eisenhammer or Ferguson 
retractor. An Ethicon ILS 33° stapler was used to section 
and staple the mucosal prolapse’. All patients were given a 
high-fibre diet after operation. The use and quantity of 
analgesics were regulated according to patients’ require- 
ments. 

The study was divided into two phases: a perioperative 
and postoperative assessment lasting 5 weeks for each 
patient (1 week before and 4 weeks after operation), to 
assess outcome and to check for postoperative complica- 
tions, and a late assessment of the effectiveness and results of 
the two techniques in December 1999 after a median 
postoperative time lapse of 16 (range 8-19) months. 

During the week before surgery patients underwent 
clinical examination, including proctoscopy and anorectal 
manometry, and were asked to complete a clinical diary that 
recorded the number of daily evacuations, the presence of 
blood in the stools, pain during or after evacuation, and the 
use of analgesics. After operation patients were instructed to 
take nimesulide (Aulin®; Roche, Milan, Italy) tablets as 
required. A linear analogue pain scale from 0 to 10 was used 
to evaluate pain, where 0 corresponded to no pain and 10 to 
the worst pain imaginable. A postoperative pain score was 
obtained by adding up the daily pain scores. The results of 
the linear analogue scale were also subdivided into four 
groups: absence of pain (0), minor pain (1-3), moderate pain 
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(4-7) and severe pain (8-10). Any difficulty in evacuation 
and the level of continence were also recorded in the clinical 
diary; Wexner’s'° and Williams’! scores were used to grade 
constipation and incontinence. 

After the operation, patients were discharged from 
hospital when free from severe pain that required intra- 
muscular analgesia with ketorolac tromethamine (Tora- 
dol®; Recordati, Milan, Italy) regardless of whether 
evacuation had occurred. Clinical evaluation and anoscopy 
were repeated 10 and 30 days after surgery, and during 
follow-up the clinical diary was returned by the patients and 
evaluated. Time to resumption of normal working activities 
was recorded. Anorectal manometry was also performed at 
30 days. All these data were recorded by the surgeons who 
performed the operations. 

Later follow-up was by telephone interview but 
patients who complained of residual problems were 
re-examined clinically by a third surgeon who was not 
aware of the procedure performed. Persistent symptoms 
of prolapse, pain, bleeding and patient dissatisfaction 
denoted failure. 


Statistical analysis 


Data were analysed using the Mann-Whitney U testand the 
Wilcoxon rank sum test for unpaired data. Manometric data 
were analysed by Student's t test for paired data. The sample 
size was established before the study. According to Pocock’s 
formula”, approximately 50 patients in each arm were 
calculated to be necessary to detect an expected reduction of 
40 per cent of the postoperative pain. An @ error of 5 per 
cent and a B error of 20 per cent were considered 
appropriate. 


Results 


Characteristics of the patients, type of anaesthesia and 
immediate postoperative complications are listed in 
Table 1. The two groups were well matched for age, sex 
and degree of haemorrhoids. There were no significant 
differences between the two groups with regard to the type 
of anaesthesia. There were no recorded postoperative local 
complications but bleeding requiring haemostatic proce- 
dures occurred in three patients in each group. After 
discharge there were no significant differences in the rate of 
complications. 


Postoperative pain 


All patients received analgesia in the postoperative period. 
This consisted of a sufficient number of doses of intramus- 
cular ketorolac tromethamine during hospital stay and of 
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nimesulide tablets after discharge. Patients in gre 
mean(s.d.) composite pain score (number of ana 
number of days of consumption) of 1.5(0-5) compar 








1-4(0-5) in group 2 (P not significant). For each pati 
cumulative score was obtained by adding the results 






linear analogue pain scale; the median value was 15 ( 
0-82) in group | and 11 (range 0-67) in group 2 (P + 
Although the mean number of days in which minor pain was 
experienced was no different in the two groups, there were 
significant differences as regards moderate or severe pain. 
Patients in group 1 complained of moderate pain for a 
median of 5.3 (95 per cent confidence interval (c.4.) 4-2-4.3, 
range 0-19) days compared with 3.1 (98 per cent ci. 25- 
3.7, range 0-10) days in group 2 (P = 0-01), while severe 
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pain was present for 2-3 (95 per cent c.i. Í 
24) days in group 1 but for only 1 (95 per cent ci, 0-2-1-5, 
range 0-14) days in group 2 (P = 0-03). 


ange D- 


Duration of inpatient stay 








Patients were discharged when they no longer rec 
intramuscular analgesics. Postoperative stay was si 
cantly different in the two groups. The median length of 
hospital stay was 2 (95 percent ci. 1-9-2-9, range 0-12) davs 
in group | compared with 1 (95 per cent ci, }.2-1-5 

0-3) days in group 2 (P = 0-01). 


Postoperative functional results 





All patients had normal continence before surgen 
the early postoperative period (after 10 days} 
continence was not significantly different in the 
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groups. Thirty days after operation, incontinence scores 
were better in the stapled group (P = 0-04). Both 
groups showed an improvement in constipation score 
but this was significant only in group 2 (P = 0-02) 
(Table 2). 

A total of 33 patients in group 1 and 36 in group 2 
underwent both preoperative and postoperative anal 
manometry. There were no significant functional variations 
between preoperative and postoperative findings in the two 
groups (Table 2). 


Return to working activities 


For patients of working age (35 in group 1 and 37 in group 

2), the length of absence from work was recorded. Patients 
in group | resumed normal activities after a median of 13 
(range 3-25) days and patients in group 2 after 5 (range l1- 
16) days (P = 0.04). 


Long-term evaluation 


After a mean period of 16 (range 8-19) months patients 
were interviewed by telephone and a standardized ques- 
tionnaire was administered. Rare episodes of prolapse were 
reported by eight patients in group 2 and frequent episodes 
by two, whereas only three patients in group | reported rare 
episodes of prolapse in the months following surgery; this 
difference was statistically significant (P = 0-001). Episodes 
of bleeding were reported by 16 patients in group | and one 
reported frequent episodes of bleeding while 14 patients in 
group 2 reported episodes of bleeding (P not significant). 
Pain was still present occasionally in 14 patients in group I 


Table 2 Functional results and manometric data after operation 





- Milligan-Morgan Stapled 













; incontinence e 


000) 00-11) 


0 (0-5) 0 (0-5) 
00-83) 0 (0-6) 
4.000) 1000) 
1:04(0:20); __1.00(0) 
1.03(2:02) 0.50(1-19) 
0:27(0-84) 0-14(0-35)s 
7908) 86(14) 
( 83(17) 
150(45) 
_ pe -154(60) 


Values are *median (range) or tmean(s.d.). 4P = 0-04, $P = 0-02 
(Student’s r test for paired samples) 
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and in nine in group 2; one patient in each group reported 
frequent pain. 

Patients who had reported persistence of prolapse at the 
interview were re-examined clinically. Of the three patients 
in group 1 who complained of prolapse, one presented only 
residual external cutaneous fibrous folds, as did six of nine 
patients in group 2. Therefore, clinically there were no 
significant differences with respect to the persistence of 
prolapse between the two groups. 


Discussion 


The control of pain after haemorrhoidectomy has always 
been a major concern for surgeons and the main reason for 
refusing surgery for patients. Multiple complementary 
treatments have been proposed to reduce postoperative 
pain, including the use of different surgical instruments 
(diathermy "?, scalpel, bipolar scissors, laser, ultrasonic 
forceps), local and/or systemic injection of analgesics'*!, 
antibiotics'®, anaesthetics'”'*, or associated procedures 
such as lateral internal sphincterotomy'” to reduce post- 
operative sphincter spasm. All of these treatments have 
yielded unsatisfactory results because the main unsolved 
problem is that the sensitive anal mucosa is severely 
traumatized during the removal of haemorrhoids. The 
operation proposed by Longo does not damage the anal 
mucosa, which is lifted higher up in the anal canal by 
resection of a variable ring of insensitive mucosa at the 
anorectal junction. It is the redundant mucosa that is 
resected and not the haemorrhoids when a stapled anopexy 
is performed. 

The aim of this study was not only to compare 
postoperative pain after the stapled technique with that 
following the standard operation for haemorrhoids but also 
to assess the effectiveness of each technique as a definitive 
cure for haemorrhoids. A comparative evaluation of the 
results is difficult as the two operations have different aims: 
stapled haemorrhoidal prolapsectomy removes the pro- 
lapse, improves venous drainage and hence congestion of 
the anal cushions and reduces bleeding, whereas Milligan- 
Morgan haemorrhoidectomy eliminates the haemorrhoids 
directly to resolve the symptoms of prolapse and bleeding. 
Therefore, evaluation of the symptoms seems more useful 
than a purely anatomical evaluation of the two techniques. 
The results of this randomized study show that stapled 
haemorrhoidal prolapsectomy is as effective as the gold 
standard operation (Milligan—Morgan) in the treatment of 
third- and fourth-degree haemorrhoids. The number of 
postoperative complications and relapses was comparable, 
as was patient satisfaction at 1 year of follow-up. 

With regards to postoperative pain, the stapled 
technique offered a significantly less painful alternative 
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to Milligan-Morgan haemorrhoidectomy. This was 
particularly evident as regards moderate and severe 
postoperative anal pain. A direct consequence of this 
was a significantly shorter hospital stay for the stapled 
group. The median hospital stay of the Milligan- 
Morgan group (2 days) is comparable to the 2-5 days 
reported by Bleday et al?’ and Carapeti et al.) 
Reduced postoperative pain also resulted in an earlier 
return to working activities for the stapled group. The 
lack of need for anal medication in patients who had a 
stapled haemorrhoidectomy may well have favoured this 
early return to work. Stapled haemorrhoidal prolap- 
sectomy is more expensive than conventional haemor- 
rhoidectomy because of the cost of the device but this 
may be balanced by a shorter postoperative stay and an 
earlier return to work. 

* Analysis of the functional results after haemorrhoidect- 
omy is of particular interest. There was no difference 
between groups with respect to postoperative faecal con- 
tinence. However, after 1 month, the Williams’ score for 
incontinence was significantly worse in the Milligan- 
Morgan group than in the stapled prolapsectomy group. 
This effect could be related to removal in the Milligan— 
Morgan operation of a significant part of the sensitive anal 
mucosa that was spared in the stapler operation. The 
constipation score was also better after stapled prolapsect- 
omy. This could be due to easier rectal evacuation after 
removal of the redundant mucosa, as indicated by Pescatori 
et al.”? in a similar operation for rectal mucosa intussuscep- 
tion. . 

Finally, there is some difficulty in interpreting the 
difference between patients’ and physicians’ views with 
regard to persistence of the prolapse after operation. 
Stapled haemorrhoidal prolapsectomy only partially modi- 
fies the anal verge in fourth-degree haemorrhoids and 
whenever bulky cutaneous fibrous folds are present these 
only regress partially, giving the patient the impression of 
persistence of the haemorrhoidal prolapse. 

The results obtained in this trial suggest that patients 
with symptomatic haemorrhoidal prolapse derive greater 
benefit from stapled haemorrhoidal prolapsectomy in the 
short term and that this operation has at least the same 
effectiveness as the conventional Milligan—Morgan proce- 
dure in the long term. The shorter duration of moderate or 
severe pain makes stapled haemorrhoidal prolapsectomy 
well tolerated by patients. 
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Early gallbladder carcinoma does not warrant radical resection 
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Background: This study was designed to address whether gallbladder cancer invading the muscle layer 
(stage pT) is a local disease and whether radical resection is necessary. 

Methods: A retrospective analysis of 25 patients with pT, gallbladder tumours, 13 of whom underwent 
simple cholecystectomy and 12 radical resection with regional lymph node dissection, was performed. A 
total of 147 regional lymph nodes was examined for metastasis. The median follow-up time was 
95 months. 

Results: No patient had blood vessel or perineural invasion on histology. Lymphatic vessel invasion was 
seen in one patient. Both overt metastasis and micrometastases were absent in all lymph nodes 
examined. Overall 10-year survival was 87 per cent. The outcome after simple cholecystectomy was 
comparable to that after radical resection (P = 0.16). Two patients who underwent radical resection 
died from tumour relapse in distant sites. 

Conclusion: Most pT, gallbladder carcinomas spread only locally. Additional radical resection is not 
necessary when the depth of invasion of gallbladder carcinoma is limited to the muscle layer after simple 
cholecystectomy. 
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Introduction 


The depth of tumour penetration is the most important 
prognostic factor in patients with gallbladder carcinoma ™*. 
Most mucosal cancers (pathological tumour stage pT },) and 
cancers invading the muscle layer (pT,,) spread only 
locally’. Most authors agree that pT), tumours represent 
a local disease!“!!, However, some argue that pT}, tumours 
may have spread regionally or systemically by the time of 
presentation” *®!?, Thus, there is controversy as to whether 
pT ip gallbladder carcinoma is also a local disease. 

Simple cholecystectomy is adequate treatment for 
patients with pT, gallbladder tumours, provided that the 
resection margin is not involved’. For pT, tumours, some 
authors”? recommend simple cholecystectomy, while 
others”? advocate radical cholecystectomy with regio- 
nal lymph node dissection. The authors reported previously 
that the outcome after simple cholecystectomy was 
excellent, regardless of whether regional lymph node 
dissection was performed, in 11 patients with a pTip 
tumour’. However, the small number of patients and short 
follow-up precluded a definitive conclusion. 
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In this study 25 patients with a pT), tumour were 
analysed retrospectively (11 of whom were included in the 
previous report’) with longer follow-up. The aims of this 
study were to determine whether pT), gallbladder carci- 
noma is a local disease and to evaluate the role of radical 
resection. 


Patients and methods 


A total of 622 patients with gallbladder carcinoma under- 
went surgical resection in Niigata University Medical 
Hospital and its affilated institutions between October 
1981 and July 1999. Some 189 (30-4 per cent) had pT), 
tumours and 25 (4-0 per cent) had pT}, tumours. The 25 
patients with pT), disease formed the basis of this study. 
They included 20 women and five men with ages ranging 
from 38 to 82 (median 72) years. 

Gallbladder carcinoma was suspected or diagnosed 
before operation by ultrasonography in 11 of the 25 
patients; ultrasonographic features included a fungating 
mass in eight patients and a smooth raised mass in three 
patients, according to ‘Tsuchiya’s classification’. 
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Preoperative ultrasonographic diagnosis of the depth of 
invasion was not possible in any of the 11 patients. In the 
other 14 patients, the preoperative diagnosis was polypoid 
lesions of the gallbladder in four and gallstone disease or 
choleeystitis in ten. 

Of the 25 patients, 13 underwent simple cholecystectomy 
(open in 12, laparoscopic in one) and 12 underwent radical 
resection. The choice of operation depended on the timing 
of diagnosis. Radical resection was performed inall of the 11 
patients suspected or diagnosed before operation, with the 
exception of one who was in poor general condition. Simple 
cholecystectomy was done in patients with presumed 
benign gallbladder disease. Two patients underwent radical 
resection as a second procedure following simple cholecys- 
tectomy (open in one, laparoscopic in one) for benign 
disease, once the diagnosis of cancer was established. Of the 
12 patients treated by radical resection, four underwent 
cholecystectomy with regional lymphadenectomy and eight 
underwent extended cholecystectomy with regional lym- 
phadenectomy, including seven who had wedge resection of 
the gallbladder bed and one who had wedge resection of the 
gallbladder bed combined with bile duct resection. 
Regional lymph node dissection included the lymph 
nodes in the hepatoduodenal ligament and those postero- 
superior to the head of the pancreas'”'', No patient had 
para-aortic lymph node dissection. None died in hospital 
and adjuvant chemotherapy and/or radiotherapy was not 
offered. Thereafter, the patients regularly attended out- 
patient appointments every 3-6 months. Follow-up ranged 
from 11 to 199 (median 95) months. 

The resected specimens were submitted for histological 
examination. None of the patients had any macroscopic or 
microscopic evidence of residual tumour. The depth of 
invasion was determined by examination of multiple 
sections (range 3-36; median 11 sections) of the whole 
lesion in each patient and was described according to the 
tumour node metastasis staging system'*, The primary 
tumour was an adenocarcinoma in all patients. 
Histopathological grade was well differentiated in 20 
patients, moderately differentiated in one and poorly 
differentiated in four patients. A total of 147 regional 
lymph nodes taken from 18 patients were examined 
histologically for metastasis (Table 1). Two serial sections 
3 um thick, one for routine histological examination and 
the other for immunohistochemical examination, were cut 
from each lymph node. Both sections were examined 
independently. ‘Micrometastasis’ was defined as a metas- 
tasis missed on routine histological examination with 
haematoxylin and eosin but detected by immunohisto- 
chemical evaluation with anticytokeratin antibody, as 
reported previously * 6. 


British Journal of Surgery 2001, 88, 675-678 www. bjs.co.uk 


Table 1 Clinicopathological characteristics of 25 patients with 
gallbladder carcinoma invading the muscle layer (stage pT 11) 








Simple o o 
cholecystectomy 
(n=13) 
Age (years)* PoS 7465-89) 
Sex ratio (M: F} OS Bae ae n 
No. oflymph nodes examined* = 0 (0-3 noo. 
No. of positive lymph nodes Ee 
Haematoxylin and eosin Oe 
CAMS.2 0 
Median survival (months) 95 


“Values are median (range). CAMS.2, immunohistochemical examina- 
tion using an anticytokeratin antibody specific for cytokeratins 8 and 18 


A mouse monoclonal antibody, CAMS5.2 (Becton 
Dickinson, San Jose, California, USA), which recognizes 
cytokeratins 8 and 18, was used at a dilution of 1 : 3 for 
immunohistochemical examination of lymph nodes as 
described previously'®. In all 25 patients, both the primary 
tumour and surrounding non-neoplastic gallbladder 
epithelium were positive for CAMS.2, with strong intensity 
in the cytoplasmic membranes. 


Statistical analysis 


Medical records and survival data were obtained for all 25 
patients. The cause of death was determined from medical 
records. Survival curves were constructed using the Kaplan- 
Meier method. Death from other causes was treated as a 
censored case. Differences in survival were evaluated using 
the log rank test. Statistical evaluation was performed using 
the SPSS 9.0] software package (SPSS Japan Inc., Tokyo, 
Japan). P < 0-05 indicated statistical significance. 


Results 


Extent of tumour spread in pT, disease 


Histological examination revealed that no patient had blood 
vessel invasion. One patient had evidence of lymphatic 
vessel invasion, but none had perineural invasion. Neither 
overt metastasis on routine histological examination nor 
micrometastasis on immunohistochemical examination was 
identified in any of the regional lymph nodes (Table 1). No 
patient had clinically evident distant metastasis at the time 
of resection. 


Outcome after resection 
Five patients died after resection during follow-up. Two 


patients, who underwent radical resection, died from 
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disseminated tumour 99 and 39 months after resection, 
without local recurrence. The initial sites of recurrence 
were the lung and the liver remnant (distant from the 
gallbladder bed) respectively. The remaining three patients 
died from other causes including cerebral contusion (n = 1), 
pneumonia (7 = 1), and primary lung cancer (7 = 1), with 
no evidence of recurrent gallbladder cancer. Overall patient 
survival was excellent, with a cumulative 10-year survival 
rate of 87 per cent. The outcome after simple cholecys- 
tectomy (cumulative 10-year survival rate of 100 per cent) 
was comparable to that after radical resection (cumulative 
10-year survival rate of 75 per cent) (P = 0-16). 


Discussion 


In 1976 Nevin etal.’ reported a favourable outcome after 
simple cholecystectomy for pT; gallbladder carcinoma. 
Since then, many authors!?*»”-? have considered pli 
tumour a local disease amenable to cholecystectomy, 
despite occasional recurrences after resection*®!”*>. 
However, two recent patients with pT}, tumours who had 
late recurrences after resection prompted the current study. 

Earlier evidence suggested that both lymphatic vessel 
invasion and nodal metastasis are rarely found in pT, 
tumours, although pT2_4 tumours frequently demonstrate 
lymphatic spread”*°. In the previous study of only 11 
patients, the authors suggested that most pTi» tumours 
spread only locally’. The present study confirmed this, and 
also found no nodal micrometastasis in pT}, tumours. 
These results suggest that pT}, tumour is generally a local 
disease. 

Some authors recommend radical resection with regional 
lymph node dissection for patients with pT, disease 
because of their experience with recurrences after simple 
cholecystectomy*!”?07?425, However, Tsunoda etal.!® 
and Hirai etal?! reported that tumour relapsed even after 
radical resection in their four patients with pT}, disease. In 
the present study, two patients died from recurrent 
gallbladder disease following radical resection. No recur- 
rence was observed in patients undergoing simple chole- 
cystectomy. In addition, the outcome after resection was 
comparable between patients who did and did not undergo 
radical resection. Thus, there was no apparent survival 
benefit in performing radical resection for pT, disease. 
Considering the morbidity and mortality rates associated 
with radical resection’’®!*, the sporadic patients with 
tumour relapse reported so far*'”~*> do not justify the use of 
radical resection for a pI, tumour. As shown in this study, 
preoperative diagnosis of pT}, gallbladder carcinoma is 
rarely obtained and most pT carcinomas are first 
diagnosed by histopathological examination of a resected 
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specimen. Postoperative diagnosis of pT, tumour does not 
warrant additional radical resection. 
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Introduction 

Acute pancreatitis (AP) ıs a common abdominal disorder 
with a wide clinical spectrum. Twenty per cent of patients 
develop severe disease with complications. Immediate 
diagnosis of severe AP is important, since patients benefit 
from early-phase treatments. In an emergency setting, 
severity grading is often problematic and there is a need to 
find more accurate diagnostic methods’. 

Trypsinogen activation resulting in formation of trypsi- 
nogen activation peptide (TAP) is thought to be pivotal in 
the pathogenesis of AP’. Raised TAP concentrations in 
urine accurately distinguish between severe and mild 
disease*** but, to the authors’ knowledge, TAP concentra- 
tions in plasma have not been studied previously. The 
objective of the present study was to determine the role of 
plasma TAP in AP. 


Patients and methods 

Between July 1997 and July 1998 a total of 246 patients were 
enrolled in a prospective multicentre study (Dublin, 
Helsinki, Liverpool and Ulm)*. AP was defined as acute 
abdominal pain with a typical clinical picture, an increase in 
serum amylase level to more than three times the upper limit 
of normal, and typical findings on diagnostic imaging 
(ultrasonography and/or computed tomography). AP was 
considered severe if the patient developed local or systemic 
complications as defined in the Atlanta classification. 
Exclusion criteria were previous pancreatic surgery, pre- 
existing chronic pancreatitis, age below 18 years and referral 
from other hospitals. 

Venous ethylenediamine tetra-acetic acid plasma sam- 
ples were collected within 6 h of admission, every 12 h for 
2 days and thereafter at days 3, 4 and 7. TAP levels were 
measured with a competitive enzyme-linked immuno- 
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sorbent assay (Biotrin, Dublin, Ireland). Other measure- 
ments were done according to hospital routines. 


Results 

The study population consisted of 74 control patients, 137 
patients with mild AP and 35 with severe disease. There 
were 124 females and 122 males with a median age of 
52 years. The aetiology of AP was biliary in 74 patients and 
alcohol-related in 62 patients; 36 patients had other 
aetiologies. The median duration of symptoms before 
admission to hospital was 13 (range 1-153) h. 

Levels of TAP in plasma were able to differentiate 
patients with severe AP from those with mild disease 
(Fig. 1). The difference was statistically significant on 
admission (P = 0-004, Mann-Whitney U test) and for 
maximal TAP concentration within 24 h (P = 0-014), but 
thereafter TAP values did not have prognostic value. On 
admission at cut-off 2-8 nmol/l, determined by receiver 
operating characteristic analysis, plasma TAP had a 
sensitivity of 70 per cent, specificity of 78 per cent, positive 
predictive value of 61 per cent and negative predictive value 
of 84 per cent as a prognostic marker. 

The sensitivity and specificity of TAP for differentiation 
between controls and all patients with AP on admission atan 


—— Severe acute pancreatitis 
Tasas Mild acute pancreatitis 
—— Control 


Plasma TAP (nmo) 





24 48 72 96 120 >120 
Time after symptom onset (h) 


Fig. 1 Time course profile of trypsinogen activation peptide 
(TAP) in plasma after the onset of symptoms ın patents with 
mild (7 = 137) and severe (n = 35) acute pancreatitis and in 
controls admitted with the suspicion of acute pancreatitis 

(n = 74). The median delay between onset of symptoms and 
admussion to hospital was 13 (range 1-153) h 
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optimum cut-off of 1-9 nmol/l were 56 and 64 per cent 
respectively. 


Discussion 

The prognostic accuracy of plasma TAP concentration was 
at a maximum on admission and, using a cut-off of 
2-8 nmol/l, the accuracy was comparable or slightly better 
than that for urinary TAP*. However, the prognostic 
accuracy of plasma TAP declined rapidly after 24 h from 
admission to hospital. 

The plasma concentrations of TAP were generally low, 
barely exceeding the detection limit of the assay. Urinary 
TAP concentrations were about 20-fold greater than those 
in plasma*. This can be explained by a short life-time 
(8 min) of TAP in plasma’. The rapid turnover of TAP 
results in low and fluctuating baseline concentrations in 
plasma, whereas urinary values reflect a longer time period. 

In conclusion, plasma TAP, as measured on admission, 
correlates well with the severity of AP but the prognostic 
accuracy declines rapidly thereafter. 
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introduction 

Direct diaphragmatic involvement is found in 10-13 per 
cent of patients with hepatocellular carcinoma (HCC)'. 
Despite recent advances in preoperative imaging, diaphrag- 
matic involvement by HCC remains an unpredictable 
intraoperative finding’. The pathological features and 
long-term prognosis of patients with diaphragmatic invol- 
vement who undergo operation have not been clarified. 
‘Twenty-eight patients with clinical diaphragmatic involve- 
ment by HCC underwent en bloc resection at the Prince of 
Wales Hospital in Hong Kong from 1988 to 1999. This 
study investigated the tumour pathology, evaluated the 
operative and survival results, and tried to identify prog- 
nostic factors, so that the exact role of en bloc resection for 
these tumours could be better defined. 


Patients and methods 

Liver resection was performed with portal clamping and 
ultrasonic dissection. Whenever a liver tumour was found 
grossly adherent to the diaphragm, no attempt was made to 
dissect the tumour away from the diaphragm. A cuff of the 
involved diaphragm was removed en bloc. The defect was 
repaired either primarily or with a polytetrafluoroethylene 
mesh. Pathological features of the specimen, postoperative 
outcome and patient survival were studied. 

Eighteen clinicopathological variables were evaluated for 
disease-free survival using univariate and multivariate 
analyses (Cox proportional hazards model): age, sex, 
hepatitis B status, Pugh—Child grade, total bilirubin level, 
serum albumin concentration, platelet count, @-fetoprotein 
level, type of operation, operative blood loss, tumour size, 
microscopic resection margin, microsatellite tumour 
nodules, vascular invasion, tumour encapsulation, cellular 
differentiation, histological cirrhosis and diaphragmatic 
involvement (adhesion or invasion). 
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Results 

Clinicopathological features are 
Histological examination revealed that there was fibrous 
inflammatory adhesion in 26 of the 28 patients. Only two 


shown in Tabe l. 


patients had malignant diaphragmatic muscle infiltrario: 





vascular permeation. During a median follow-up of 
21 months, 14 patients had an intrahepatic recu 
Median disease-free survival was 27 (95 per cent coni ; 
interval (c.i.) 10-45) months and overall survival was 24 (95 
per cent c.i. 17-33) months. 

Among the 18 clinicopathological factors, a microscopie 
resection margin of } cm was the only significant prog 
nostic factor for poor disease-free survival afte: 
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Table 1 Clinicopathological features of 28 patents treat 





en bloc resection of hepatocellular carcinoma involving the 
diaphragm 


Tyear o 
2 years. 


“Values are mean (range) 
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resection (hazard ratio 5.2, P = 0.0087). The median 
disease-free survival was 9 (95 per cent c.i. 4-14) months 
in ten patients with a narrow margin, whereas the 18 
patients with an adequate margin (1 cm or more) had longer 
median disease-free survival of 55 (95 per cent c.i. 4 
106) months. 


Discussion 
En bloc resection is associated with acceptable morbidity and 
mortality, and may confer long disease-free (26 per cent) 
and overall (32 per cent) 5-year survival rates. These results 
compare favourably with recent series of hepatectomy for 
patients without diaphragmatic involvement’*. This can be 
explained by the histological finding that diaphragmatic 
involvement by HCC is mainly due to fibrous adhesion 
rather than frank tumour invasion. As has been reported 
previously among patients with HCC and no diaphragmatic 
involvement*”, tumour recurrence was related to a narrow 
(less than 1 cm) resection margin. 

En bloc resection of involved diaphragm is advocated for 
patients with HCC because it safeguards an adequate 
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resection margin, avoids breaching the tumour capsule and 


reduces bleeding’. 
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Background: The long posterior flap has been the procedure of choice for transtibial amputation for 
-many years, but recently its theoretical basis has been challenged. This study assessed the results with 
the long posterior flap for leg amputation. 

Methods: A prospective cohort study was performed. All patients who were referred to the Dundee 
Limb Fitting Centre for leg amputation between 1987 and 1996 had details of diagnosis, investigations, 
procedure, and both operative and functional outcome recorded contemporaneously. 

Results: Some 126 patients required a transfemoral amputation and 445 needed a transtibial procedure. 
Fifty patients having the transtibial operation, who would otherwise have required a transfemoral 
amputation, had a medially based flap; the remaining 395 patients underwent a transtibial amputation by 
the long posterior flap technique. Primary healing was achieved in 317 patients, and 11 amputations 
healed by secondary intention. Fifty-one patients required a local wedge resection and 16 had a 
secondary transfemoral amputation. 

Conclusion: These results compare favourably with those of other published series. The long posterior 
flap remains to be bettered for routine transtibial amputation. 


Paper accepted 7 January 2001 


Introduction 


Four main reconstructive flaps have been described for 
transtibial amputation: the skew flap developed in 
Roehampton’, the equal sagittal flaps technique as 
described by Persson”, the long posterior flap technique 
as popularized by Burgess and Romano’, and the medially 
based flap developed in Dundee*. Good results have been 
reported for all four techniques, but recently the theoretical 
basis of the long posterior flap has been challenged’. 

At the Dundee Limb Fitting Centre, results with the long 
posterior flap have been as good as those with any other 
method. The procedure has stood the test of time and has 
not been bettered. The present study was a review of results 
with the operation from 1987 to 1996. 


Patients and methods 


This was a cohort study of all patients who were referred to 
the Dundee Limb Fitting Centre for primary leg amputa- 
tion between 1 January 1987 and 31 December 1996. Data 
regarding diagnosis, investigations, procedure, and both 
operative and functional outcome were recorded contem- 
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poraneously on a pro forma. During this interval, all 
patients requiring amputation were referred through the 
centre. 

Patients were selected for transtibial amputation on the 
basis of Doppler pressure studies, thermography, capillary 
skin blood flow and clinical examination. A systolic blood 
pressure of 70 mmHg or greater in the adductor canal was 
taken as a good prognostic indicator for healing of a 
transtibial amputation®, as was a skin temperature higher 
than 30-4°C at the site of the posterior incision’ and a 
capillary skin blood flow greater than 2-5 ml per 100 g 
tissue per minë. Others have used different parameters. 
Barnes etal.° used below-knee rather than adductor canal 
blood pressure. Roon etal. considered 2-7 ml per 100 g 
tissue per min to be an indicator of guaranteed healing, but 
that transtibial amputation was justified where skin flow was 
between 2-3 and 2-7 ml per 100 g tissue per min. All patients 
who needed amputation underwent all the tests; ifany result 
was unfavourable, a transfemoral or medial flap transtibral 
procedure was performed. 

The operations were performed at a specialist infectious 
diseases hospital and the patient was subsequently trans- 
ferred to a separate rehabilitation facility. 
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Operative technique 


The anterior skin incision was made one hand’s breadth 
below the tibial tuberosity and deepened through the 
periosteum and deep fascia without raising any skin flaps. 
The posterior flap was made long enough to cover the 
stump comfortably and the longitudinal part of the incision 
was made to slope slightly posteriorly. The fibula was 
divided with rib shears 2 cm above the proposed tibial cut, 
and the tibia was divided with a Gigli saw, chamfering the 
anterior one third. 

The end of the tibia was rasped smooth. The vessels and 
nerves were ligated as short as possible, and divided. The 
amputation was completed through the gastrocnemius and 
soleus muscles without separating them from the skin of the 
posterior flap. The soleus was excised, as recommended by 
Gray and Ng”, and the wound washed with hydrogen 
peroxide followed by normal saline. 

The gastrocnemius was sutured to the anterior perios- 
teum, or to drill-holes in the tibia if this was found to be 
inadequate, using an absorbable monofilament suture. A 
suction drain was inserted deep to the muscle and brought 
out separate from the wound. The deep fascia was closed 
with a braided absorbable suture and the skin closed with 
non-absorbable monofilament. A plaster cast was applied 
over swabs and stump socks with the knee in extension. 

The wound was inspected after 5 days and a further 
plaster cast applied. Mobilization commenced on a 
temporary prosthesis. A cast was taken for the definitive 
limb at 21 days and the sutures were removed. 


Results 


Some 593 patients were referred for leg amputation 
between | January 1987 and 31 December 1996; 126 
required a transfemoral procedure and 445 had a transtibial 
amputation. Twenty-two patients had the amputation at 
through-knee or through-hip level. Fifty patients, who 
would otherwise have required a transfemoral amputation, 
had a medially based flap’. Thus, 395 patients underwent a 
transtibial amputation by the long posterior flap technique. 
During the study, the overall transtibial : transfemoral 


Table 1 Reason for transtibial amputation 
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amputation ratio was 3-5 : 1. The below-knee : above-knee 
ratio (including through hip and through knee) was 3 : 1. 

Sixty per cent of patients were men and 63 per cent were 
smokers; the median age was 69 (range 40-90) years. 
Table 1 indicates the diagnostic categories. All the patients 
with peripheral vascular disease and/or diabetes had 
preoperative angiography. All the diabetic patients also 
had large vessel peripheral vascular disease. 

Primary healing occurred after 317 amputations (80 per 
cent). In 11 patients (3 per cent) healing was delayed. Local 
wedge resection was needed to achieve healing after 51 
amputations (13 per cent), but 16 (4 per cent) were 
converted to transfemoral amputation. 

Functional outcome was recorded in 379 patients (those 
who needed transfemoral amputation were excluded). Some 
190 patients (50 per cent) used a prosthesis for all activities, 
144 (38 per cent) used a prosthesis for short distances but 
otherwise needed a wheelchair, 25 patients (7 per cent) hada 
prosthesis fitted but did not walk, and the remaining 20 (5 
per cent) had no prosthesis fitted. 


Discussion 


Studies detailing the outcome for the various techniques of 
transtibial amputation are listed in Table 2. The primary 
healing rate of 80 per cent in the present study compares 
favourably with these. In addition, 88 per cent of patients 
with successful transtibial amputations were fitted with a 
limb and used it actively; 57 per cent of these patients did not 
use a wheelchair at all. 

The study by Harrison et a/.'° of skew versus long 
posterior flap is the only one in which wound healing rate 
was superior. It is noteworthy that their transtibial : trans- 
femoral ratio was 0-8 : 1, compared with the present rate of 
3.5 : 1, making comparison of the results more difficult. In 
1972, Robinson’! published results with a similar transti- 
bial : transfemoral ratio to that in the present study. 
Termansen’s study!* was a randomized trial of the sagittal 
and long posterior flap techniques, and was methodologi- 
cally sound; there was no difference in outcome between the 
two techniques. It is difficult to put some of the other studies 
in context as they do not report the number of transfemoral 
procedures performed during the study interval. 

Work by Waters et al.'®, and more recently by Pinzur 
et al.'°, has shown that the energy required to walk after a 
transfemoral amputation is much greater than that follow- 
ing a transtibial amputation. In the elderly patient this can 
make the difference between walking or being non- 
ambulatory. It is important to balance this against the 
higher rate of primary healing when transfemoral amputa- 
tion is chosen in marginal circumstances. 


©2001 Blackwell Science Ltd 








transfemoral 











"Conversion to 


transtemoral ~ healin 





Other 
Co 


























Table 2 Summary of published results of amputation 
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“Percentages for both primary and secondary healing. 


The technical difficulty of a procedure is an important 
consideration when extrapolating the results of papers to 
the population as a whole. The long posterior flap is 
technically easier than the other techniques for those 
learning the operation. 

The use of the medial flap allows some patients to have a 
transtibial amputation even if they do not have sufficient 
viable tissue for a long posterior flap. It is, however, more 
technically demanding and the long posterior flap should 
remain the routine procedure of choice. 

It bears acknowledgement that the operative procedure 
does not stand in isolation and that the present results are as 
much a function of selection criteria and the rehabilitation 
programme as of operative technique. 
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Background: The mortality rate associated with elective aortic aneurysm repair is widely assumed to be 
in the region of 5 per cent. This figure does not take into consideration the effect of pre-existing risk 
factors. The Vascular Anaesthesia Society of Great Britain and Ireland conducted a large audit to 
estimate the in-hospital mortality rate associated with non-emergency infrarenal aortic surgery 
throughout the British Isles, and to determine the influence of risk factors on mortality rate. 

Methods: This was a multicentre, prospective audit of 177 hospitals throughout the UK and Ireland. 
Data were collected by questionnaire to include all patients undergoing elective or urgent surgery for 
infrarenal abdominal aortic aneurysm or aortoiliac occlusive disease over 4 months. 

Results: Nine hundred and thirty-three patients were recruited into the audit. The overall mortality 
rate was 7-3 per cent. Factors increasing the risk of death by up to fivefold included age over 74 years, 
urgent surgery, operation for occlusive disease, limited exercise capacity, a history of severe angina or 
cardiac failure, the presence of ventricular ectopics and abnormalities suggesting ischaemic heart 
disease on electrocardiography. 

Conclusion: Although the in-hospital mortality rate was similar to previously published figures, the rate 
increased considerably when commonly encountered risk factors were present. 


Some early data from the audit were presented at the annual meeting of the Vascular Anaesthesia Society, Exeter, UK, 


September 1999 
Paper accepted 30 January 2001 


Introduction 


The perioperative care of high-risk surgical patients is a 
topical subject'”. These patients have high morbidity and 
mortality rates and consume a relatively large proportion of 
health service resources**, Patients requiring surgery on 
the abdominal aorta are at high risk. 

Published studies looking at mortality and factors 
predictive of an adverse outcome following abdominal 
aortic surgery have often been retrospective or performed 
over a prolonged interval, which may make their findings 
less applicable to present practice. Few of the studies have 
examined the population in the British Isles. 

The studies suggest a mortality rate for elective infrarenal 
aortic surgery of between 4 and 7 per cent®!4, which may 
not have changed in 20 years®, Factors associated with an 
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increased mortality rate include increasing age®!!!>, 
chronic renal impairment!*:!*!6, hypertension! and sur- 
gery in centres that perform few aortic operations’""*. 

In an attempt to obtain current information on the 
mortality rate among patients undergoing elective infra- 
renal abdominal aortic surgery in the British Isles, the audit 
committee of the Vascular Anaesthesia Society of Great 
Britain and Ireland undertook a multicentre study from 
February to May 1999 inclusive. 


Patients and methods 


A pilot audit was undertaken in early 1998. All members of 
the Vascular Anaesthesia Society were invited to partici- 
pate. In addition, for the main audit, consultant anaesthe- 
tists in all hospitals identified as conducting vascular surgery 


Briush Journal of Surgery 2001, 88, 687-692 687 


688 in-hospital mortality from abdominal aortic surgery * P. J. M. Bayly, J. N. S. Matthews, P. M. Dobson, M. L. Price and D. G. Thomas 


were contacted. Replies expressing willingness to partici- 
pate were received from individuals in 177 hospitals, 
throughout Great Britain and Ireland. 


Data collection 


The audit was designed to generate as many replies as 
possible without overburdening the individual contribu- 
tors, who were participating voluntarily. All open infrarenal 
abdominal aortic aneurysm (AAA) repairs, and infrarenal 
aortoiliac or aortofemoral grafts for aortic occlusive disease 
(AOD) were included. Elective and urgent operations were 
included, urgent being defined as an operation that needed 
doing on the next available operating list. Emergency 
operations were excluded. Indication for operation or 
degree of urgency was not sought. The audit was conducted 
from February to May 1999 inclusive. Data were collected 
by questionnaire. Questions were divided into those 
concerning the hospital type, size and facilities, the patient’s 
age, sex and preoperative co-morbidity, the type of 
anaesthetic and surgery, and the outcome. 


Confidentiality 


The voluntary reporting of sensitive outcome data could be 
compromised unless absolute anonymity was assured. 
Consequently data were stored in such a way that patients 
treated in the same centre were labelled as such, but that 
individual centres were unidentifiable. 


Conduct 


Invitations to participate in the audit were sent to the 
identified 177 potential contributing hospitals. Data 
collection forms (questionnaires) and instructions were 
sent in mid-January 1999, and four reminders were sent at 
intervals during the audit. Participants were telephoned to 
encourage a high response rate. 


Analysis 


The effect of various factors on the probability of death was 
investigated using logistic regression. Initial analyses 
included the participating hospital as a random effect (fitted 
in MLWin (Institute of Education, London, UK)) but the 
variance component associated with this factor was always 
negligible, so the analyses reported below are conventional 
logistic regressions fitted in GLIM (NAG Ltd., Oxford, 
UK)”. 

Most of the factors fitted are categorical. It was 
considered unwise to assume a linear effect for age, so this 
variable was divided into the categories 65 or less, 66-74 and 
75 or more years. The number of operations performed in a 
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centre was taken as a measure of the volume of cases, which 
may reflect varying degrees of surgical and anaesthetic 
experience, and which may in turn be reflected in the 
mortality rate. Centres were classified as being low volume 
if two or fewer operations were carried out each month and 
as high volume if more than four operations were carried 
out each month. The remaining centres were classified as 
being of medium volume. 


Results 


Of the 177 volunteering hospitals, nine subsequently 
withdrew. Data were received from 118 hospitals, seven of 
which performed no aortic surgery during the audit, giving 
a return rate of 70-2 per cent. A total of 933 satisfactorily 
completed individual questionnaires were returned includ- 
ing 777 for patients who had AAA repair and 156 who had 
aortic replacement for AOD. The overall mortality rate for 
all patients in the audit was 7-3 per cent (68 of 933 patients). 
In both groups the majority of patients had an elective 
procedure (Table 1). 

Cause of death was reported for 63 of the 68 patients who 
died. The death was labelled as ‘cardiac’ in 23 patients, 12 of 
whom died within 3 days of surgery. Multiorgan failure was 
implicated in 27 deaths, all but four of which were more 
than 4 days after surgery. Respiratory failure was the sole 
cause of six deaths, and surgical factors were blamed for four 
deaths. Cause of death in the remaining three patients was 
subarachnoid haemorrhage, pulmonary embolism and 
gastrointestinal bleed. 

Overali, 189 (20-3 per cent) of the patients were women. 
This proportion was 17-2 per cent for patients having 
surgery for AAA and 35-3 per cent for patients having 
surgery for AOD. The ratio of men to women in the elective 
and urgent groups was similar (Table 2). 

Age was not recorded for three patients who were 
excluded from further analysis. The age range of the 
remaining patients was 39-90 years. Patients who had 
surgery for AOD were younger than those who had surgery 
for AAA (Table 2). 


Table 1 Deaths following aortic surgery according to urgency of 
operation 





Values in parentheses are percentages 
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Table 2 Number and age of patients according to sex, indication for operation and degree of urgency 





“Values in parentheses are percentages; tvalues are median (range) 


Table 3 Volume of aortic surgery related to mortality rate 





Volume classification: low, < 2 operations per month; medium, 2—4 operations per month; high, > 4 operations per month 


Risk factors for death 


The initial analysis considered the effect of age, whether 
the operation was urgent or elective, and the volume of 
operations performed in each centre (Table 3). Analysis by 
logistic regression confirmed that the mortality rate was 
higher in the older age group (x? = 13-06, 2 df, 
P = 0-001), and that urgent operations carried greater risk 
(x? = 6-28, 1 d.f., P = 0-012). There was no evidence that 
the number of operations performed by each centre 
influenced outcome. High-volume centres did not have a 
higher prevalence of risk factors than low-volume centres 
(Table 4). Fitting the sex of the patient, after allowing for 
age and urgency, showed a marginally increased risk for 
women (Table 5). Fitting the type of operation, either 
occlusive disease or aneurysm repair, again after allowing 
for age and urgency, showed that AOD had a higher risk 
QË = 4-45, 1 d.f., P = 0-035). 

In all the following analyses the effects were reported 
after accounting for age, urgency and operation type. 


Effect of cardiac health and related medication 


T he effect of previous myocardial infarction was negligible 
(x? = 0.07, 1 d.f, P= 0-75). Individually, severe angina, 
history of k ventricular (LV) failure and use of diuretics 
were significant factors that increased the risk of operation 
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(Table 6). These three factors were closely interlinked in the 
sense that if any one was in the model, the effect of the others 
was reduced. 

Assessment of LV function by echocardiography was 
obtained in 437 of the 933 patients. The mortality rate of the 
patients who had echocardiography was 8-2 per cent 
compared with 6-5 per cent for those who did not: adjusted 
odds ratio (OR) 1-31 (95 per cent confidence interval (ca) 
0.79-2-18) (P = 0-29), Patients who had an echoca rdiogram 
were grouped into three categories according to LV 
function: good, impaired and severely impaired. There 
was no significant difference in mortality rate between the 
three groups, although the number in the severely impaired 
group was small. 

Electrocardiographic (ECG) appearance indicative of 
ischaemic heart disease (IHD), the presence of ventricular 
ectopics (VE) and the existence of any rhythm other than 
sinus were investigated. Individually both THD and VE 
were associated with increased risk (Table 6). When IHD 
was in the model VE remained a significant factor 
Q? = 440, 1 d.f, P= 0-036). There was evidence that 
these variables were acting independently, each was 
associated with higher risk even in the presence of the 
other variable: after adjusting for VE, the OR for IHD was 
1-71 (95 per cent c.i. 1-02-2-88) and, after adjusting for 
THD, the OR for VE was 2-44 (95 per cent «i. 1-12-5.34). 
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Table 4 Prevalence of risk factors in centres grouped according 
to volume of operations reported 


Percentage of patients with risk factor 


Low Medium High 






volume. volume volume 
17. 19 14 
43 44 11 
29 33 26 
41 13 10 
38 48 47 
Pees Ee § 6 7 
‘angina (NYHA IV) 4 4 3 
diuretics = BB 29 22 
heart failure 13 13 8 


ECG, electrocardiography; THD, ischaemic heart disease; VE, 
ventricular ectopics; NYHA, New York Heart Association classification 


Table 5 Numbers of patients, mortality rate, odds ratios and 
significance for general data, after taking account of the three 
other factors in the table 


oe A Mortality (%) Odds ratio P 
Age (years) oe 
6B BRB a - 
< 65-74. 2 425 Be 1-31 (0:62-2-79) 
ed ee : 280 -12-1 -3-00 (1-46-6.29} 0-001 
“Men 742 65 = 
Women = 188 -108 1:63 (0-94-2-84)- 0-094 
‘Urgency ee : 
“Elective: ; 811. 64 = 
Urgent - os AIG ABS 2.38 (1-24-4-14) 0.012 
“Operation i oe 
Aneurysm 4 JIA TA = 
Occlusive disease 156. 8-3 2.28 {110-475} 0-035 


Values in parentheses are 95 per cent confidence intervals 


Effect of exercise capacity 


Exercise capacity was assessed as the ability to walk more 
than 1500 metres, 500-1500 metres, 50-500 metres or less 
than 50 metres, as reported by the patient. This analysis 
omitted 33 patients with no information on exercise 
capacity and 243 patients with claudication. There was a 
clear effect of exercise capacity: X` (linear trend) = 10-15, 1 
d.f., P = 0-006; x° (non-linear effect) = 0-22, 2 d.f., P = 0-90 
(Table 6). 


Effect of serum creatinine 


This analysis was performed on 902 patients, as baseline 
creatinine was not recorded in 28. Creatinine was skewed 
and was therefore logged before analysis. Raised preopera- 
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Table 6 Cardiac risk factors, after taking account of age, 
urgency and operation type 


“in Mortality (%) Odds ral 






Angina (NYHA) 7 
<ii = T4 











it ASA 
iv -33 
ECG evidencë 
IHD 
No 517 
Yes 413 
VE 
No 875 
Yes 55 
Sinus rhythm : 
Yes 839 
No : 91 
History of heart failure. -. 
No : 819 
Yes Peete 
On diuretics ASS a 
No 2 E 
Yes BAL 104 
LV function* LEE 
Good SBOT 73: 
impaired ; 124... 9-7 oS i Oy 
Severely impaired = 12. 17 2.86 (0-56-14-60)_ 
Exercise capacity — LE 
> 1 mile Bet BOS OE ee ee 
500 yards-1 mile «187 8:3- 1:48 (0:58-3:77) 
50-500 yards. 156-115 313 (134-730 
< 50 yards 23 47 502 (1-34-4889): 


Values in parentheses are 95 per cent confidence intervals. 
*Determined by echocardiography. NYHA, New York Heart 
Association classification; ECG, electrocardiographic, IHD, ischaemic 
heart disease; VE, ventricular ectopics; LV, left ventricular. P values for 


angina and echocardiography are tests far wend 


tive serum creatinine level was associated with an increased 
mortality rate. However, when age was included in the 
model, this association disappeared. Forty patients required 
renal support after operation. The geometric mean of the 
serum creatinine level in these patients was 121 mmol/l 
compared with 102 mmol/l in the 862 patients who did not 
require renal support (ratio of geometric means 1-19 (95 per 
cent ci. 1-08-1-31); P = 0-0002). Allowing for age, the 
adjusted geometric mean for baseline creatinine in those 
requiring support was unchanged at 121 mmol/l, compared 
with 102 mmol/l in those who did not need support (ratio of 
geometric means 1-19 (95 per cent ci. 1-09-1-30)). 
Requirement for renal support increased the mortality 
rate from 5.9 to 35 percent (x° = 48.35, 1 d.f., P < 0-00001). 


Discussion 


This study reports data on 933 patients who had general 
anaesthesia for open aortic surgery. Endovascular stent 
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procedures were excluded because these patients are too 
highly selected for meaningful comparisons to be made with 
open repair. 

The primary outcome measured was in-hospital mortal- 
ity rate. This is more relevant than the 30-day mortality 
rate, as some patients with a protracted postoperative course 
may die as a consequence of major surgery after 30 days, and 
would not be counted in conventional studies in which 30- 
day mortality rate is the outcome. In addition, in-hospital 
data are easier to collect and therefore more likely to be 
accurate. 

It is not possible to be sure that data were received on all 
patients who had surgery in the audit interval, from each 
contributing hospital; it is possible that the data were 
selective. However, as the measures taken to ensure 
confidentiality were extensive, and widely known before 
the audit began, this is unlikely. If any participants did send 
selective data, however, it is likely that the true mortality 
rate was worse. Mortality rates from each individual centre 
were not calculated; these would be highly variable because 
the number of patients submitted by each centre was small 
(mean fewer than eight). 

The overall mortality rate following non-emergency 
aortic surgery was 7-3 per cent. When urgent operations 
were excluded, the mortality rate was 6-4 per cent. The 
mortality rate associated with elective AAA repair based on 
reported series ranges from 4 to 7 per cent. This is in 
keeping with the present findings, and it may be concluded 
that the mortality rate for open AAA repair in the UK and 
Ireland is acceptable when taken as a whole, although there 
may be considerable variation between centres. It is clear 
that individual risk factors may affect the risk of death 
markedly. 

The present data suggest that several factors are 
associated with an increased mortality rate. For example, 
urgent operations conferred 2-38 times the risk of death and 
patients aged over 74 years had 3-00 times the risk of death 
compared with patients under 65 years. There was a wide 
variation in mortality rate associated with urgent operations 
between centres with different workloads (Table 3), but the 
numbers were too small for this to be significant. Surgery 
for occlusive disease carried a risk 2-28 tmes that for 
aneurysm disease, after correcting for other factors. The 
mortality rate from operation for AOD was 8-3 per cent, yet 
the median age of the patients was 12 years less than that of 
patients who had AAA repair. Aortic operations for AOD 
are high risk and perhaps other forms of treatment should be 
considered. 

Surgical centres that performed a low volume of 
operations had results as good as those with a higher 
workload. This may be accounted for by low-volume 
centres referring higher msk patients to high-volume 
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centres, although there was no evidence for this in the 
study (Table 4). 

An association between cardiac health indices and death 
was suggested. Severe angina, a history of LV failure, ECG 
evidence of IHD or VE were all associated with a 
significantly increased mortality rate after aortic surgery. 
It is likely that the increased mortality rate seen in patients 
taking diuretics was due to the association with heart failure 
or hypertension, rather than an effect of the diuretics 
themselves. Previous myocardial infarction has not been 
found to be a risk factor. These findings broadly agree with 
existing cardiac risk indices!®!°, with the exception of the 
importance of previous myocardial infarction and moderate 
angina. Newer methods of managing high-risk cardiac 
patients, such as B-blockade, epidural analgesia and 
improved monitoring, may have overcome the increased 
risks. 

The apparent association between serum creatinine 
concentration and death was in fact due to a combination 
of the effect of age and its effect on serum creatinine level. 
However, patients who required postoperative renal sup- 
port had a 20 per cent higher preoperative serum creatinine 
level, and these patients had a mortality rate of 35 per cent. 

One of the principle aims of the audit was to determine 
the risk of death from aortic surgery when various risk 
factors are taken into consideration. This will add to the 
information available when considering aortic surgery for 
each patient. Study of the ORs presented in Tables 5 and 6 
allows a simple appreciation of operative risk for an 
individual. Advice given to the patient may therefore be 
more accurate, and consent may be better informed. 

The second aim was to produce national data against 
which individual vascular surgical units can compare 
themselves. This has become even more pressing 1n recent 
months with the requirements of clinical governance. 
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Background: A primary anastomosis after resection of the sigmoid colon for suspected acute 
complicated diverticular disease has the advantage of saving the patient a secondary operation for 
restoring bowel continuity. Fear of anastomotic leakage often deters surgeons from making a primary 
anastomosis. 

Methods: A series of 45 patients who underwent primary anastomosis was studied prospectively to 
evaluate the feasibility of a primary anastomosis following acute sigmoid resection. Acute Physiology 
And Chronic Health Evaluation (APACHE) H score, Mannheim Peritonitis Index (MPI) and Hughes’ 
peritonitis classification were used to classify patients and to detect factors predictive of postoperative 
outcome. Death, anastomotic leakage and septic complications were main outcome measures. 

Results: Neither anastomotic leakage (four of 45 patients) nor death (three of 45) was related to a 
higher MPI, APACHE II or Hughes’ score. More postoperative septic complications were seen in 
patients with a MPI over 16. Death, anastomotic leakage, reintervention and wound infection were 
observed more frequently in patients who presented with colonic obstruction than in those with abscess 
or perforation. 

Conclusion: Primary anastomosis is safe and effective in non-obstructed cases of complicated 
diverticular disease. Colonic obstruction seems to be a risk factor for the development of postoperative 


complications. 
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Introduction 


‘Two-stage resection and subsequent anastomosis is widely 
practised in the management of complicated diverticular 
disease'”, The diseased segment of bowel is resected and an 
end-colostomy fashioned with oversewing of the distal 
colonic or rectal stump (Hartmann’s procedure). This 
technique is supposed to reduce septic complications 
related to anastomotic leakage and intra-abdominal sepsis. 
However, Hartmann’s procedure has serious disadvantages, 
particularly the presence of a stoma and subsequent and 
often demanding reintervention for restoration of colonic 
continuity. Restoration of bowel continuity is not com- 
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pleted in 25-70 per cent of patients who are therefore left 
with a permanent stoma”. These disadvantages 
encouraged resection with primary anastomosi 
alternative option??? *"!!. 

To determine whether resection with primary anasto- 
mosis without temporary faecal diversion is safe enough to 
warrant broader application in a randomized clinical trial, 
patients who presented with acute complicated diverticular 
disease were treated with resection and primary anastomo- 
sis and studied prospectively. 


have 






as an 


Patients and methods 


From 1995 to 1997, 45 consecutive patients, t 
acute complicated diverticular disease in five large 
hospitals in the Netherlands, were studied prospectively 
The criterion for inclusion was a perioperative diag 
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acute complicated diverticular disease. Exclusion criteria 
were previous irradiation of the pelvic organs and faecal 
incontinence. 

Acute complicated diverticular disease was defined as 
perforated diverticulitis with paracolic abscess, localized 
pelvic peritonitis or diffuse peritonitis, or colonic 
obstruction due to recurrent episodes of diverticulitis 
with stenosis. All patients were treated with acute 
resection of the sigmoid colon and primary anastomosis, 
without a stoma. The anastomosis was described as 
handsewn or stapled, one or two layer, and as end to end, 
end to side or side to side. The type of anastomosis was 
based on personal preference. Intraoperative additional 
faecal spill, oedema or induration of both colonic 
resection edges was recorded. The resected sigmoid 
colon was sent for histological examination. 

General anaesthesia was usually provided. Operations 
were carried out by consultant grade staff specialized in 
gastrointestinal surgery, assisted by or assisting a senior 
resident. Patients were admitted routinely for observation 
to the 24h recovery department after operation, with 
selective admission to the intensive care unit. Nasogastric 
tube feeding was employed on indication. 


Classification of disease 


Several classifications were used for accurate staging and 
identification of risk factors predictive of postoperative 
morbidity and death. The Acute Physiology And Chronic 
Health Evaluation (APACHE I) score®!*!? was deter- 
mined. At operation the severity of abdominal sepsis was 
quantified on the basis of the Mannheim Peritonitis Index 
(MPI)'*"!”. The MPI takes into account variables such as 
age, sex, organ failure, malignant neoplasm, duration of 
peritonitis, extent of spread within the peritoneum and 
characteristics of the peritoneal fluid. The severity and 
extent of peritoneal inflammation was assessed according to 
the modified Hughes’ classification*"®: grade I, phlegmo- 
nous diverticulitis or peridiverticulitis; grade II, perforated 
diverticulitis with localized pelvic peritonitis or paracolic 
abscess; and grade IL, perforated diverticulitis with diffuse 
faecal or purulent peritonitis. 


Description of postoperative outcome 


Postoperative complications were divided into three 
categories: (1) procedure-related complications, i.e. ana- 
stomotic leakage’? or wound infection; (2) disease-related 
complications, i.e. sepsis, the systemic response to infection 
as defined by Bone et a/.?°7", bacterial peritonitis (pus or 
bowel content in the peritoneal cavity) and intra- 
abdominal abscess formation (local collection of pus); and 
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(3) general complications, i.e. myocardial infarction, 
atelectasis and pneumonia. Reinterventions were recorded, 
with a description of the indication for reintervention and 
the type of procedure performed. Mortality was defined as 
in-hospital death, irrespective of the interval between 
primary operation and death. 


Analysis 
Patients were divided into different categories with respect 
to APACHE II score (0-5; 6-10; 11 or more points) and 
MPI (16 or less; more than 16). MPI subdivision was based 
on a median MPI score in the study population of 16 points. 
Patients with colonic obstruction were separated from the 
group with other types of complicated diverticular disease, 
i.e. perforation, abscess formation or peritonitis. The two 
groups were compared for postoperative complications and 
mortality rate. 

To test for differences between the two groups x’ and t 


tests were used as appropriate. Differences were considered 
significant at P< 0.05. 


Forty-five patients with an intraoperative diagnosis of 
acute complicated (peri)diverticulitis (eight with obstruc- 
tion; 37 with abscess or perforation) were included in the 
study. There were 24 men and 21 women of mean age 67 
(median 71, range 37-97) years. Medical history revealed 
pulmonary disease in 11, cardiovascular disease (ischae- 
mic heart diease or hypertension) in 17, rheumatic 
disease in three, diabetes mellitus in two and use of 
corticosteroids ın two patients. 

The mean APACHE II score for all patients was 8 
(median 7, range 1-20). The mean intraoperative MPI 
score was 18 (median 16, range 6-37). According to 
Hughes’ peritonitis classification 14 patients had grade I, 
21 had grade II and ten patients had grade III peritonitis, 
four of whom had diffuse faecal peritonitis. Forty-one 
patients had diverticular disease on histological examina- 
tion. At histological examination a carcinoma was found 
in the resected sigmoid colon in five patients, one of 
whom also had diverticular disease. These patients were 
not excluded. 

Intraoperative faecal spill was reported in five patients. 
Oedema or induration of the colonic resection edges was 
observed in nine patients. In 40 patients the anastomosis was 
handsewn (one layer ın 25 patients, two layers in 15), and in 
five patients a stapled anastomosis was performed. The 
anastomosis was end to end in 29 patients, end to side in nine 
and side to side in seven patients. 


©2001 Blackwell Science Led 


A. W. Gooszen, R. A. E. M. Tollenaar, R. H. Geelkerken etal 


Postoperative outcome 


The overall mortality rate was 7 per cent (three of 45 
patients). The cause of death was abdominal sepsis in the 
presence of anastomotic leakage in all three patients. 
Anastomotic leakage was seen in four patients, one of 
whom survived. Disease-related complications were fre- 
quent: sepsis in 23 of 45 patients, bacterial peritonitis in four 
and intra-abdominal abscess formation in two. Myocardial 
infarction occurred in two patients and respiratory compli- 
cations (atelectasis and pneumonia) in nine patients. 
Reintervention was necessary in eight patients. In four 


Tablet Acute Physiology And Chronic Health Evaluation II 
score and postoperative outcome 









APACHE, Acute Physiology And Chronic Health Evaluation. *P < 0.05 
versus APACHE II 211 of test} 


Table2 Acute Physiology And Chronic Health Evaluation H 
scores and postoperative outcome in relation to Mannheim 
Peritonitis Index 
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“Values are median (range). APACHE, Acute Physiology And Chronic 
Health Evaluation; MPI, Mannheim Peritonitis Index. +P <0-05 versus 
MPI > 16 (Mann-Whitney test); £P< 0-05 versus MPI> 16 (% test) 
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patients reintervention was necessary for anas 









leakage. In these cases, the anastomosis was disma: 
and an end-colostomy was constructed. In two patie 
planned second-look operation was performed. In one 
patient an abscess was drained under ultrasonographic 
guidance and in the other reintervention was necessary to 
reconstruct the abdominal wall because of wound rupture. 


Evaluation of different patient categories 


In Table 1 postoperative outcome is described for three 
categories of patients with different APACHE IH scores, 
Death, anastomotic leakage or reintervention, as main 
outcome variables, were equally divided over the different 
APACHE II categories. Sepsis was reported more fre- 
quently in patients with an APACHE H score of 11 or more 
than in the group with a score of 0-5 (P < 0.05, rai test). 

Table 2 shows APACHE I scores and outcome in relation 
to different MPI categories. The APACHE D score for 
patients with a MPI score of 16 or less was significantly 
lower than that for patients with a higher MPI score 
(P< 0.05, Mann-Whitney test). Significantly more patients 
with grade III peritonitis were observed in the group with a 
MPI over 16 (P<0.05, x test). Postoperative bacterial 
peritonitis and sepsis were both significantly more frequent 
in patients with a MPI over 16 (P< 0-05, y7 test). Th 
no relation between the incidence of death, anastomotic 
leakage or reintervention and the MPI score. 





Was 


Table3 Comparison of patients with colonic obstruction and 
others with complicated diverticular disease 









Death ee 

Anastomotic leakage 
‘Reintervention 
Wound infection = 3 
intra-abdominal abscess 








Evaluation; MPI, Mannheim Peritonitis Index. + 
perforation (x° test) 
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Anastomotic leakage was seen in four patients. Three of 
the four patients with anastomotic leakage were operated 
for colonic obstruction due to diverticular disease (of whom 
one also had carcinoma of the sigmoid colon). Oedema of 
the colonic resection edges was seen in these patients. Three 
patients died after acute reintervention for dismantling the 
anastomosis and construction of an end-colostomy. 
Although age, APACHE II score and MPI were similar in 
patients with obstruction the postoperative outcome was 
worse in these patients than in those with other types of 
complicated diverticular disease (Table 3). 


Complicated diverticulitis can present as phlegmonous 
peridiverticulitis, localized peritonitis, fistulation or ob- 
struction. If the perforation is not locally contained, free 
perforation with generalized faecal or purulent peritonitis 
can ensue. At some stage within this spectrum there is 
clinical deterioration with an insufficient response to 
conservative treatment and urgent surgical intervention is 
required. There is still considerable debate concerning the 
optimum timing of restoration of bowel continuity; 
whether this is done during the acute procedure or is 
delayed until after complete recovery. In the literature there 
are few prospective studies of the surgical management of 
complicated diverticular disease and the results are not 
uniform?””?, Most studies are based on retrospective 
analyses™!%11:2431, In theory a primary anastomosis is to 
be preferred, because it saves hospital readmission and 
relaparotomy for secondary anastomosis. The current study 
was a prospective analysis of resection and primary 
anastomosis, based on the hypothesis that the morbidity 
and mortality rates associated with complicated diverticular 
disease are primarily determined by the state of the disease 
and that a large bowel anastomosis has the same healing 
capacity in an otherwise healthy patient in the presence of 
peritonitis. 

In the present cohort of patients the decision to operate 
was based on clinical deterioration and suspected (localized) 
perforation with peritonitis. All except two patients had a 
MPI below 29, suggesting local peritonitis in the left lower 
quadrant. Regardless of the state of intraperitoneal con- 
tamination, sigmoid colon resection was performed to 
remove the septic focus and to treat the underlying disease. 
The observed mortality rate of 7 per cent compares 
favourably with that reported in the literature for acute 
complicated diverticular disease (10-30 per cent)°”*”*. The 
anastomotic leak rate reported in this study is comparable to 
the rate reported in literature for patients with peritonitis 
and obstruction due to complicated diverticular disease or 
distal colorectal tumour, which varies from 5 per cent’! to 
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20 per cent”*, and does not exceed the rate of leakage (10 per 
cent) reported in secondary elective reconstruction after 
Hartmann’s procedure*®. The incidence of anastomotic 
leakage in this study was notrelated toa higher APACHE I, 
MPI or Hughes’ peritonitis classification. This indicates 
that the severity of the disease was not the main determinant 
of anastomotic complications. 

An important observation in this study is that only one 
patient developed anastomotic leakage without fatal out- 
come in the subgroup of 37 patients with complicated 
diverticular disease without obstruction. Of the eight 
patients who presented with colonic obstruction (suspected 
to be due to diverticular disease), three patients developed 
anastomotic leakage and subsequently died. In colonic 
obstruction the proximal bowel end can be oedematous and 
this condition is theoretically more prone to cause 
anastomotic complications. From larger studies it can be 
concluded that a primary anastomosis is often feasible in the 
obstructed colon”*”*. Since in this study the subgroup of 
patients who presented with colonic obstruction was small, 
there may be a type II error. 

In conclusion, this study in 45 consecutive patients 
showed that a primary anastomosis without decompression 
after sigmoid resection for complicated diverticular disease 
without obstruction did not lead to a higher anastomosis- 
related complication rate than that reported in the literature 
after elective reconstruction of Hartmann’s procedure. 
Only colonic obstruction seems to be an additional risk 
factor for the development of complications. Whether 
Hartmann’s procedure would have prevented the fatal 
outcome in these patients remains uncertain. A randomized 
trial, comparing Hartmann’s procedure with primary 
anastomosis without protection, may clarify how best to 
treat different subgroups of patients with varying degrees of 
peritonitis in acute complicated diverticular disease. 
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Background: The aim was to provide an assessment of the current status of endoscopic axillary surgery 
in patients with breast cancer. 

Methods: Fifty-three patients underwent endoscopic lymphadenectomy. The surgical efficiency 
(operating time, number of resected nodes, intraoperative and postoperative complications), short-term 
morbidity (duration of drainage, total lymph flow, seroma rate) and long-term outcome (pain, 
numbness, mobility, strength, oedema) were assessed. The incidence and severity of different arm 
symptoms were compared with the results of 396 patients treated with a conventional axillary 
procedure. Finally, all available data relating to endoscopic axillary surgery were reviewed. 

Results: The operating time ranged from 60 to 150 min. A mean 17 (range 10-28) lymph nodes was 
resected. The extent of postoperative lymphorrhoea (mean 372 ml) and the seroma rate (eight of 34 
patients) were not significantly reduced in comparison with conventional surgery. The assessment of 
long-term morbidity revealed fewer disturbances of sensitivity and a decreased rate of severe symptom 
intensity for pain, oedema and complaints related to mobility. 

Conclusion: Despite excellent visualization of anatomical landmarks and improved long-term 
morbidity, endoscopic lymph node dissection cannot be regarded as a suitable technique for routine 


management in breast cancer because of | erating times. 
ge ong operating 
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Introduction 


The therapeutic benefit associated with conventional 
surgery for the assessment of axillary node status is not 
significant’? and patients often experience serious post- 
operative morbidity**. The need for new surgical staging 
techniques has been discussed widely in the literature. 
Lymphatic mapping — the identification of node-negative 
patients by resection of a single (or a few) representative 
lymph node(s) — is one new alternative. Conversely, the 
endoscopic approach for axillary lymphadenectomy is based 
on minimally invasive access and allows the resection of 
lymph nodes under microsurgical conditions. The aim of 
both procedures is to ensure local tumour control and to 
maintain the amount of information yielded by the axillary 
status, while at the same time decreasing surgery-related 
morbidity. 

Suzanne etal’ first published the details of an endo- 
scopic approach for axillary lymph node dissection in breast 
cancer; others confirmed the feasibility of the technique®®. 
Validation of a new surgical procedure, however, requires 
objective evaluation of the method’s oncological efficiency, 
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long-term outcome and cost-effectiveness in comparison 
with standard techniques. In the present study endoscopic 
axillary lymph node dissection was analysed in a series of 53 
patients. The long-term outcome of these patients was 
compared with the results of a large series of 396 patients 
who had undergone conventional operation. 


Patients and methods 


Between October 1997 and September 1999, 53 endoscopic 
axillary lymph node dissections were performed following 
lipoaspiration of axillary fat. Only patients with a small 
tumour (less than 3 cm on palpation) and clinically negative 
axillary node status were included in the study. One patient 
with suspicious axillary lymph nodes requested an endo- 
scopic approach, as she suffered from metastatic disease and 
had exhibited significant restriction of arm function 
following previous axillary surgery on the contralateral side. 

All operations were performed by the same surgeon 
(T.K), experienced in both breast surgery (more than 500 
conventional axillary dissections) and endoscopic pelvic 
operations (more than 1500 procedures). During an initial 
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Table 1 Criteria for the assessment of subjective symptoms 






learning phase of 15 operations, endoscopic lymphadenect- 
omy was routinely supplemented by a small incision in 
order to verify the effectiveness of the procedure. 
Thereafter, complete endoscopic resection of axillary 
lymph nodes was performed. Operating time, intraopera- 
tive and postoperative complications, lymph node harvest, 
lymphorrhoea and seroma formation were recorded. 
Operating time was analysed retrospectively from the 
anaesthesia report. After completion of primary treatment 
(surgery, radiation, chemotherapy), and following an 
interval of at least 6 months, all patients were invited for a 
follow-up examination in order to document the long-term 
outcome. 

Morbidity was assessed by means of a self-report by 
questionnaire (five-point scale) and clinical examination. 
The degree of symptom intensity for pain, oedema, arm 
strength and mobility was evaluated. Arm sensation was 
tested clinically. The criteria for the assessment of 
subjective and objective symptoms are presented in 
Tables 1 and 2. 

The outcome of endoscopically treated patients was 
compared with that of 396 women who had conventional 
lymphadenectomy. These patients had been examined 
earlier by the same team of examiners (one physiotherapist, 
one sports therapist) according to the same protocol'®. In 
that study, neither the type of surgery (lumpectomy versus 
mastectomy), nor the time interval between surgery and 
follow-up (at least 6 months), nor other factors such as 
patient age, the number of resected nodes (at least ten), the 
number of invaded nodes, the level of dissection (level I-H 
versus level I-III), adjuvant treatment or surgeon had any 
influence on any of the symptoms examined in this series; 
hence the data should be comparable with the results for 
endoscopically treated patients. There was no apparent 
preselection. 

Diagnosis was made either by preoperative core-needle 
biopsy or by excision biopsy with intraoperative frozen- 
section examination. Axilloscopy was performed beginning 
with aspiration of axillary fat. The liposuction technique 
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and the endoscopic procedure have been described else- 
where in detail''. Postoperative management was identical 
for both endoscopic surgery and conventional axillary 
lymph node dissection. A suction drain was insert 


i 
shoulder motion began the day after operation with gentle 
arm movements under the guidance of a physiotherapist. 





Postoperative lymphorrhoea was recorded daily. 

Resected lymph nodes (for both procedures) 
examined following a standardized protocol by t 
team of pathologists. Axillary fat was filtered from 
formalin solution, embedded in paraffin and 
thoroughly for muscle fibres, fragments of lymph nodi 
tumour cells. All specimens were subjected to conv 
haematoxylin and eosin staining. 

All data were entered into a database developed with the 
INGRES® database system (Computer 
International, Islandia, New York, USA). Data control 
was achieved by comparing the printouts of each patient 
with the source data. 
symptoms was compared with Fisher’s exact test (two 
sided). P < 0-05 was considered statistically significant. 
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Table 2 Criteria for clinical evaluation (objective morbidity) 
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All patients who had endoscopic surgery gave written 
informed consent. The study was approved by the local 
ethics committee. 


Results 


Clinical and disease characteristics of the 53 patients with 
endoscopic axillary dissection and 396 women with con- 
ventional surgery are summarized in Table 3. 

After a learning phase of 15 patients in whom the 
effectiveness of the endoscopic operation was controlled 
through a small incision, complete endoscopic axillary 
lymph node dissection was achieved in 38 patients. In 
almost every case, excellent exposure of anatomical land- 
marks was achieved. Four operations had to be converted 
into open procedures because of intraoperative difficulties, 


Table 3 Details of patients undergoing axillary surgery 
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Table 4 Published results of endoscopic axillary dissection 


including gas leakage (one), extensive lymph node involve- 
ment (one) and severe obesity (two). Within the learning 
phase two patients developed subcutaneous emphysema. In 
both operations gas leakage was noted and the gas flow was 
augmented (greater than 1 l/min). Following a strict 
limitation of gas flow (less than 1 l/min) and intra-axillary 
pressure (7~9 mmHg), no further subcutaneous emphy- 
sema was observed. Intraoperative blood loss was minimal 
and no bleeding complication occurred either in the 
learning phase or later. In one patient with a pT mic tumour, 
complete removal of lymph nodes was not performed 
because the endoscopically resected blue-stained sentinel 
node was negative. Of the remaining 31 patients with 
complete endoscopic axillary dissection, a mean of 17 
(median 17. range 10-28) lymph nodes was removed. In 
contrast, the mean number of removed nodes was 21 
(median 21, range 5-48) in a series of 396 conventional 
axillary dissections. The difference in lymph node harvest 
was statistically significant (P < 0-006). 

Signs of tissue trauma following lipoaspiration were 
encountered in 35 (66 per cent) of the 53 patients. 
Fragments of lymph nodes were found in 22 (42 per cent), 
muscle fibres in 27 (51 per cent) and tumour cells in one (2 
per cent) of the 53 patients. The finding of tumour cells in 
the aspirated fat was made in the patient who had undergone 
endoscopic surgery at her own request and who did not fulfil 
the stated inclusion criteria of clinically negative axillary 
node status. Final histological examination revealed com- 
plete node invasion with perinodal infiltration of the axillary 
fat in this patient. 

The mean duration of axillary lymph drainage was 6 
(range 4-11) days. The mean drain volume was 372 
(range 30-1345) ml. Operating time ranged from 60 to 
150 (mean 110) min. Even with the experience of more 
than 30 patents, the length of operation could not be 
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reduced reliably to less than 90 min. Conventional 
axillary surgery is scheduled for 30-45 min in this 
department. 

After operation eight of 34 patients developed a seroma 
requiring aspiration. In three, temporary fever in excess of 
38°C occurred, but disappeared after aspiration and 
antibiotic treatment. One abscess had to be drained 
surgically. 

The data from 53 endoscopic axillary lymph node 
dissections, as well as the results of 216 cases published to 
date in six other series, are shown in Table 4. 

Thirty-five patients were re-examined for long-term 
morbidity at least 6 months after operation. All of these 
patients completed primary treatment (surgery, adjuvant 
chemotherapy, radiotherapy). Twenty-one patients had 
undergone complete endoscopic surgery and 14 received an 
additional incision either to check the endoscopic result or 
for technical problems. There was no measurable difference 
between patients who had undergone endoscopic lymph 
node dissection and those in whom the operation was 
supplemented by a small incision (learning phase) with 


regard to any of the subjective and objective svmptoms 
studied. 
When patients treated endoscopically were compare: 
I I l I 





with those who had a conventional operation, significantly 
more patients in the conventional group reported numbness 
(289 (73 per cent) of 396 versus six of 21, P < 0-05). The 
proportion of patients who felt free of any discomfort 
relating to the subjective and objective symptom strength, 
mobility, oedema or pain was almost identical in the two 
groups (Table 5). 

With regard to the incidence of fairly severe or severe 
symptoms, there was a definite advantage for panents who 
had endoscopic surgery. For all subjectively assessed 
symptoms, as well as for all clinically evaluated symptoms, 
fewer patients with severe impairment were recorded in the 
endoscopic group (Table 5). 


Discussion 


In a series of 53 endoscopic axillary lymph node dissections 
the experience of others was confirmed, that the endoscopie 


Table 5 Long-term morbidity following conventional and endoscopic axillary lymphadenectomy 
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approach for axillary surgery is feasible and allows excellent 
identification of anatomical landmarks in most patients. 
The magnifying effect of the endoscope facilitates precise 
performance of all surgical steps. The results of the present 
study, as well as data from other series, demonstrate that 
endoscopy may satisfy the oncological demand for both safe 
tumour control and adequate staging™™! >}. Technical 
problems and intraoperative complications were rare. 
Reviewing 269 endoscopic axillary dissections reported in 
the literature, severe haemorrhage or motor nerve injury 
was rarely observed”'*, Insufficient anatomical orientation 
in obese patients may be a technical problem, as is tissue 
removal, especially when large pieces are resected. The use 
of a removal bag is feasible but technically challenging, and 
leads to an enlargement of the incision. 

Suzanne etal.’ described a daily postoperative lymph 
flow of only 23-4 ml, leading them to renounce wound 
drainage. In the present series, however, an overall mean 
drain volume of 372 ml was observed, leading to 5-6 days of 
drainage. Other groups have reported similar results, and 
most surgeons would not omit axillary drainage after 
endoscopic surgery“”™”. The drain volume of conventional 
procedures is reported to be 322-447 (range 23-1100) 
ml? ™!®, Suzanne etal.” described seromas in only 2-8 per 
cent of their patients, whereas eight (24 per cent) of 34 
patients in the present study needed aspiration of a 
postoperative seroma. Others have reported seroma rates 
of 6-6-25 per cent for the endoscopic technique’, 
Following conventional axillary surgery seromas are 
reported in 2-59 per cent! !’!. There is no clear 
advantage of the endoscopic approach over conventional 
surgery in terms of reducing postoperative lymphorrhoea. 

Whether the endoscopic approach is associated with a 
higher rate of tissue traumatization (capsular lesions, cell 
ruptures) is controversially discussed in the litera- 
ture!™>!*20, Damage to soft tissue was observed in 66 per 
cent of the present patients (histologically proven muscle 
fibres or fragments of lymph nodes in the aspirated fat). 
Liposuction is not an atraumatic technique. Some authors 
fear tumour cell spillage and trocar-site metastases, as has 
been observed in the endoscopic surgery of other cancers”!. 
Others argue that the implantation of metastases is 
dependent on tumour biology rather than mechanical 
spread’??? Two local recurrences have so far been reported 
following endoscopic axillary surgery; in both, extensive 
axillary involvement had been observed”. 

Most authors report excellent functional results follow- 
ing endoscopic axillary surgery 7! > None, however, has 
performed an accurate assessment of shoulder—arm mor- 
bidity that allows a comparison with the outcome after 
conventional surgery. Shoulder-arm morbidity is difficult 
to assess, because numerous symptoms must be evaluated. 
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Furthermore, the clinical evaluation does not necessarily 
correspond to the subjective self-assessment'®. There were 
significantly fewer sensation problems in patients who had 
endoscopic dissection in the present study than in the group 
of women who had conventional surgery. For all other 
symptoms there was only a slight improvement in the 
overall incidence of various subjective complaints and 
objective measurements. However, a significant reduction 
of severe symptom intensity was observed for almost all 
symptoms examined. Although a definitive comparison 
between the two techniques requires a prospective rando- 
mized trial, these data suggest that the endoscopic approach 
may reduce the overall morbidity of axillary lymph node 
dissection. 

The main critical issue in endoscopic surgery was the 
prolonged operating time, which could not be reduced to a 
reasonable length even after considerable experience. 
Endoscopic lymphadenectomy would be difficult to imple- 
ment in a daily clinical routine. Endoscopic axillary 
dissection cannot yet be recommended as a standard 
procedure for staging the axilla in breast cancer. Because 
of the uncertain oncological risk associated with the 
liposuction procedure, the endoscopic approach is 
restricted to small, probably node-negative, cancers. For 
these patients, however, sentinel node biopsy represents an 
attractive alternative?*”?. 
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Background: Sentinel node biopsy is emerging as a technique to replace routine axillary lymph node 
dissection. The lymphatic mapping technique is still at a developmental stage and no standard technique 
exists. This study used technetium-99m colloidal rhenium sulphide with a mean particle size of 100 
(range 50-200) nm for sentinel node mapping. 

Methods: Eighty-seven patients with breast cancer, but no clinical evidence of axillary metastasis, were 
studied. One day before operation technetium-99m colloidal rhenium sulphide was injected at four 
points into breast tissue surrounding the tumour. Lymphoscintigraphy was performed 2h after 
injection, and surgery was usually performed after 20 h. A hand-held y probe guided sentinel node 
biopsy. 

Results: Lymphoscintigraphy revealed axillary hot spots in all patients. During operation, the sentinel 
node was identified in all 87 patients (100 per cent). The number of sentinel nodes per patient ranged 
from 1 to 5 (mean 2). Metastatic sentinel nodes were identified in 37 of 87 patients. There were no false 
negatives. 

Conclusion: This study suggests that technetium-99m rhenium sulphide is a suitable agent for sentinel 


node mapping in patients with breast cancer. 
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introduction 


The sentinel node is defined as the first lymph node in a 
regional lymphatic basin which receives lymph flow from a 
primary tumour'”, The sentinel node is thought to be the 
first lymph node encountered by tumour cells metastasizing 
through lymphatic channels. In theory, if the sentinel node 
contains no metastatic cancer, the remainder of the nodal 
basin will also be free from metastases. Therefore, nodal 
dissection can be avoided in patients with a negative sentinel 
node. 

In 1992, Morton etal.’ reported a dye technique for 
lymphatic mapping and sentinel node biopsy in clinically 
node-negative patients with melanoma. In the field of breast 
cancer, sentinel node biopsy was reported by Krag et al.* in 
1993 and by Giuliano etal’ in 1994 using a radio- 
pharmaceutical agent and isosulfan blue dye respectively. 
In 1996, Albertini etal.” reported a combined procedure 
using both these agents. Since these reports, many 
investigators have published their results with lymphatic 
mapping and sentinel node biopsy for breast cancer", 
with promising results. However, the lymphatic mapping 
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technique remains in a developmental stage and no standard 
technique exists today. 

When lymphatic mapping is performed with a radio- 
labelled colloid, the choice of radiocolloid is vital because 
distribution depends greatly on particle size. The ideal 
radiocolloid particle size is reported to be between 10 and 
100 nm!, or 10 and 200 nm!*. 

This paper reports results of sentinel node biopsy in 
patients with breast cancer using technetium-99m colloidal 
rhenium sulphide (NANOCIS”®, CIS bio-international, Gif 
sur Yvette, France) with a mean particle size of 100 (range 
50-200) nm!*, 


Patients and methods 


Eighty-seven consecutive patients with breast cancer but no 
clinical evidence of axillary metastasis were enrolled 
between February 1999 and June 2000. Informed consent 
was obtained and the project approved by an institutional 
review board at Fukushima Medical University. Patient 
characteristics are summarized in Table 1, The mean age of 


©2001 Blackwell Science Ltd 


T. Watanabe, I. Kimijima, T. Ohtake er al. * Sentinel node mapping in breast cancer 705 


Table 1 Characteristics of 87 patients undergoing sentinel node 
biopsy for breast cancer 


Mean (range) age (years; 51 (28-79) 
Preoperative diagnosis* 

Excision biopsy 7 (8) 

Fine-needie or core biopsy 80 (92) 
Mean (range) tumour size (cm) 2-7 (0-7-4) 
Tumour stage* 

Ti 33 (38) 

T2 46 (53) 

Ta 8 (9) 
Multiple tumours* 

Single 80 (92) 

Multiples 7 (8) 
Operation” 

Modified radical mastectomy 44 (51) 

Breast-conserving operation 43 (49) 


*Values in parentheses are percentages. tSix patients had two tumours; 
one patient had three tumours 


patients was 51 (range 28-79) years, and the mean primary 
tumour size was 2-7 cm. 

One day before operation 0-3-0-4 ml (37-185 MBq) 
technetium-99m colloidal rhenium sulphide was injected at 
four points (3, 6, 9 and 12 o'clock positions) into breast 
tissue surrounding the tumour (or biopsy cavity). In some 
patients radiocolloid was also injected into breast tissue 
surrounding a second, or multiple, tumours. In the first 40 
patients lymphoscintigraphy was performed 2, 4 and 19 h 
after injection. In other patients lymphoscintigraphy was 





Injection site 


Lead disc 


performed 2h after injection. Anterior and anterior- 
oblique projections of the breast and axilla were obtained. 
Usually, the operation was performed the next day, 20 h 
after radiocolloid injection. Guided by a hand-held y probe 
(neo 2000™, Neoprobe Corporation, Dublin, OH, USA), 
sentinel node biopsy was performed before partial or total 
mastectomy and complete axillary dissection. Internal 
mammary node dissection was not performed. After 
removal of the hottest node in the axilla, additional nodes 
were sought in the remainder of the nodal basin. In general, 
sentinel node biopsy continued until the axilla remainder 
counts decreased to less than 10 per cent of hottest node 
activity. 

The sentinel node was sent for frozen-section examina- 
tion; it was cut into 2-mm slices. Remaining frozen tissue 
was thawed, fixed and embedded, to produce permanent 
sections. Standard histological examination was performed 
subsequently. In 65 patients sentinel nodes were stained for 
cytokeratin. Non-sentinel nodes were evaluated by routine 
haematoxylin and eosin staining. 


Lymphoscintigraphy revealed axillary hot spots in all 87 
patients. Ipsilateral internal mammary nodes were visua- 
lized in nine patients. The hot spot was seen on the 2-h scan 
and remained identifiable through the 19-h scan (Fig. 1). 
During operation, sentinel nodes were identified in all 87 
patients (sentinel node identification rate 100 per cent). The 


number of sentinel nodes ranged from | to 5 (mean 2). 


Fig. 1 The hot spot was visualized clearly on the 2-h scan and remained identifiable through the 19-h scan 
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Primary tumour size did not affect the mean number of 
sentinel nodes (T 1, 2; T2, 2; T3, 2). Radioactivity of sentinel 
node ranged from 20 to 2943 counts per second (c.p.s.) and 
the mean radioactivity of 182 sentinel nodes was 480 c.p.s. 
The mean number of non-sentinel nodes in each axilla was 
18. 

In 37 of the 87 patients, the sentinel node was positive. 
No false negatives (sentinel node negative and non-sentinel 
node involved) occurred. In three of seven patients with 
multiple tumours, and in five of eight patients with T3 
tumours, the sentinel node was involved. Even in these 
patients, the sentinel node indicated nodal status accurately. 
The sentinel node was the only positive node in 22 of the 37 
sentinel node-positive patients. In 33 of the 37 patients, the 
metastasis was seen in the hottest sentinel node. However, 
in four patients the hottest sentinel node was clear, although 
metastasis was found in another sentinel node. In these 
patients, mean positive sentinel node radioactivity was 41-5 
(range 15-2-74-6) per cent of the hottest sentinel node 
reading. These four patients had a mean tumour size of 
2-4 cm. Multicentricity, tumour size and site did not affect 
this phenomenon. 


Discussion 


Sentinel node biopsy is now emerging as a useful technique, 
but there is currently no standard identification technique. 
At present, either a dye, a radiocolloid, or both, is used for 
sentinel node biopsy in patients with breast cancer”**"!. 
Generally, radiocolloid localization seems to detect sentinel 
nodes more frequently than vital blue dye; the combination 
may be the best!®. However, Veronesi etal.'° reported 
excellent results with radiocolloid alone. 

Radiocolloid characterization encompasses several phy- 
sical, chemical and radiochemical parameters. Physical 
parameters comprise particle size and activity size distribu- 
tions, particle shape, particle concentration and stability”. 
The lymphatic collection process is strongly related to 
particle size. Particles smaller than 4-5 nm will penetrate 
capillary membranes and therefore may not migrate 
through the lymphatic channel. Particles larger than 4- 
100 nm show the most rapid dispersal from interstitial 
space into lymphatic vessels, yet have significant retention 
in the lymph node. Particles larger than 500 nm have a 
much slower rate of clearance from the interstitial space 
with significantly less accumulation in lymph nodes. After 
migration from the interstitial space to the lymphatic 
vessels, particles are moved to lymph nodes, where they can 
be retained by mechanical trapping or phagocytosis’’”?°. 

Commonly used radiocolloids in Europe and North 
America are technetium-99m colloidal albumin and tech- 
netium-99m sulphur colloid. Success rates reported for 
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identifying sentinel node with radiocolloid alone are 88-99 
per cent”!%11,1621_ Particle sizes of these radiocolloids 
are: colloidal albumin (less than 80 nm (Nanocoll, Sorin 
Biomedica Diagnosis, Saluggia, Italy) and 200-1000 nm 
(Albu-Res, Sorin Biomedica Diagnosis, Saluggia, Italy)) and 
sulphur colloid (200-1000 nm)”*. This study used techne- 
tum-99m colloidal rhenium sulphide with particle size 50- 
200 nm. 

Schneebaum et al. reported sentinel node biopsy results 
using technetium-99m colloidal rhenium sulphide in 30 
patients with breast cancer. Two patients who had 
previously undergone radiation treatment had negative 
lymphoscintigraphy findings. In the remaining 28 patients 
lymphoscintigraphy was positive and the sentinel node was 
identified in all patients. As no patient underwent pre- 
operative radiotherapy in the present study, these data 
would support the present results. 

The positive rate of lymphoscintigraphy is strongly 
related to the sentinel node identification rate. When 
lymphoscintigraphy reveals an axillary hot spot, the sentinel 
node is identified easily with a y probe at operation. 
Lymphoscintigraphy-positive rates of sulphur colloid, 
Nanocolloid and Albres were reported as 75 per cent'’, 89 
per cent!? and 99 per cent'® respectively. Furthermore, 
sentinel node identification rates for these radiocolloids 
were 88 per cent!!, 94 per cent’® and 99 per cent’®. This 
demonstrates that the type of radiocolloid affects the 
sentinel node identification rate. In the present study the 
lymphoscintigraphy-positive rate was 100 per cent, sug- 
gesting that colloidal rhenium sulphide is particularly 
suitable for sentinel node mapping in breast cancer. 

A major problem with sentinel node biopsy is the false- 
negative indication; fortunately, none occurred in this 
study. The mechanism of false-negative indication is still 
unknown. In four of 37 patients with a positive sentinel node 
in this study, hottest node was negative and other hot node 
was involved with tumour. Multicentricity, tumour size and 
site did not affect this phenomenon. Martin etal.”* reported 
similar findings in sentinel node biopsy using sulphur 
colloid and isosulfan blue dye. The authors reported that, if 
only the hottest node had been removed, the false-negative 
rate would have been 13 per cent. This suggests that the 
hottest node is not always the true sentinel node; 
alternatively, when a tumour has more than one sentinel 
node, metastases do not always occur in the hottest sentinel 
node. De Cicco et al.”° reported that small particle colloids 
(less than 50 nm) were often trapped in several nodes, 
whereas larger particle colloids (200-1000 nm) were often 
taken by one node only. Ifa larger particle radiocolloid were 
to be used, positive sentinel nodes might not be identifiable 
with a y probe because of low radioactivity. This study 
defined the sentinel node as a node with more than 10 per 
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cent of the radioactivity of the hottest node; 182 sentinel 
nodes in 87 patients were identified. These sentinel nodes 
included true sentinel nodes and second or higher-echelon 
nodes. A method that identified only true sentinel nodes 
would be best. 
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Background: The features of primary hyperparathyroidism (PHPT) in developing countries have rarely 
been examined. This study explored the clinical characteristics of PHPT in India with the hypothesis 
that this may improve understanding of the pathogenesis of the disease worldwide. 

Methods: Consecutive patients with PHPT (24 women, five men) were examined prospectively before 
and after parathyroidectomy. 

Results: All patients had osteitis fibrosa cystica with a median symptom duration of 2-5 (range l- 
26) years. Single or multiple fragility fractures were present in 14 patients (eight were bedridden); 20 
had brown tumours. Mean preoperative serum calcium was 3-1 mmol/l, while mean serum intact 
parathyroid hormone (iPTH) and total alkaline phosphatase (ALP) levels were 17-fold and 12-fold 
higher than normal respectively. Nine patients had overt renal damage, mainly nephrocalcinosis. 
Parathyroidectomy invariably resulted in severe hypocalcaemia, necessitating long-term vitamin D 
treatment. The mean parathyroid gland weight was 8-6 (range 2-0-36-6) g and features of carcinoma 
were found in four patients. Serum calcidiol level correlated inversely (P < 0-05) with serum iPTH and 
ALP, and parathyroid gland weight. 

Conclusion: PHPT in Indians is a severe, symptomatic disorder with skeletal, muscular and renal 
manifestations at a young age. The presence of this severe variant of PHPT in vitamin D-sufficient 
Indians, and the lack of skeletal disease in other vitamin D-deficient populations, raises the possibility of 


additional pathogenetic factors. 
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Introduction 


Primary hyperparathyroidism (PHPT) is usually diagnosed 
at an asymptomatic stage in the western world; patients are 
generally elderly and lack overt skeletal and renal manifes- 
tations!” For many such patients surveillance alone has 
been recommended’. Parathyroid adenoma weighing up to 
1 g is the characteristic cause of the disease and, following 
its successful removal, patients rarely require treatment for 
hypocalcaemia*’. Large adenomas and parathyroid carci- 
noma are rarely encountered®. The pathogenesis of PHPT 
is poorly understood. Consistent somatic mutations in the 
parathyroids and irradiation of the neck are demonstrable in 
only a fraction of patients’®. Deficiency of vitamin D has 
been considered a contributory cause? but it may be 
clinically occult and relate to altered expression of the 
parathyroid vitamin D receptor’®”?. 
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In developing countries, the clinical and pathological 
characteristics in the few reports of patients with 
PHPT!" mirror those found in the west several decades 
ago. The patients are young and present with symptomatic 
skeletal and renal manifestations due to palpable, and not 
infrequently malignant, parathyroid tumours’*-'”. Some of 
these patients have crippling muscular weakness, osteitis 
fibrosa cystica (OFC) and multiple fractures’?. 

Vitamin D nutrition is an important factor determining 
the severity of skeletal disease and parathyroid growth, and 
could be an important pathogenetic mechanism in this 
variant of PHPT”!®. However, the absence of OFC in 
vitamin D-deficient patients with PHPT in the western 
world®!® and the presence of severe skeletal disease even in 
vitamin D-sufficient Indian patients suggests the possibility 
of a more complex sequence of pathogenetic events. 
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Patients and methods 


Twenty-nine consecutive patients with PHPT were man- 
aged at Sanjay Gandhi Postgraduate Institute of Medical 
Sciences Hospital, Lucknow, India during 1990-1998. 
Evaluation of the patients included measurement of serum 
total and ionized calcium, inorganic phosphorus, total 
alkaline phosphatase (ALP), intact parathyroid hormone 
GPTH), calcidiol and calcitriol. Radiological survey 
included the hands, skull, lumbar spine, pelvis and any 
suspected or known sites of fractures and brown tumours. 
Plain films were taken to diagnose renal stones or 
nephrocalcinosis. Bone mineral density (BMD) at the 
forearm, lumbar spine and hip was measured by dual energy 
radiographic absorptiometry (Hologic 4500 QDR; Hologic 
Inc., Bedford, MA, USA) in the last 14 patients. An equal 
number of age- and sex-matched healthy controls also 
underwent measurement of BMD, and serum calcidiol and 
calcitriol levels. 

Patients underwent bilateral neck exploration under 
general anaesthesia with a conventional strategy of para- 
thyroidectomy. This involved visual identification of at least 
four parathyroid glands, achieved in 22 of 29 patients, and 
removal of enlarged glands. Biopsy of one normal looking 
parathyroid gland was carried out in 21 patients. All excised 
material was examined microscopically using conventional 
histological criteria'’. Serum calcium was estimated daily 
after parathyroidectomy. Postoperative hypocalcaemia was 
managed by calcium gluconate infusion (1-2 mg per kg per 
h) and oral calcium carbonate and calcitriol (0-5-1-5 ug/ 
day). Patients were discharged 7-10 days following surgery 
after achieving normocalcaemia on oral calcium and 
vitamin D supplementation. Patients were followed up for 
a median duration of 42 (range 16-122) months. Clinical 


and biochemical evaluations were carried out at even 
follow-up visit, while radiological and densitometric 
evaluations were done every 6 months. 

Fasting serum calcium and phosphorus, and 24-h urinary 
calcium excretion were determined with an autoanalyser, 
while serum total ALP levels were assayed using the Jaffe 
method. Serum iPTH levels were measured using an 
immunoradiometric assay (DSL, Webster, TX, USA), and 
calcidiol and calcitriol by radioimmunoassay (Inestar, Stil! 
Water, MN, USA). Normal ranges of the biochemical 
indices are shown in Table 1. 

Correlations were investigated with Spearman’s rank 
order correlation coefficient and groups were compared 
with the Wilcoxon signed rank test. A probability of les 
than 5 per cent was considered significant. Values 












are 
displayed as the median or as the arithmetic mean and range. 








Results 


The mean age of the 29 patients (24 women, five men) was 
38 (range 13-60) years; three were younger than 18 years. 
PHPT was apparently sporadic in all but one patient with 
multiple endocrine neoplasia type Í. All the patients had 
symptoms attributable to PHPT, although two were 
detected fortuitously during investigation for an unre 
disorder. 





ated 


Symptoms and signs 


The median duration of symptoms was 2-5 (range l- 
26) years, and all patients had generalized bone pain. 
patients were bedridden owing to multiple frac 
deformities from expanding brown tumours or se 
muscular weakness. Fourteen patients had suffered single 












Table 1 Biochemical indices in patients with primary hyperparathyroidism 













operation 


31 (2-4-37) 
07 (0-5-1-0). - 
-1544 (177-7240) - 
82-7 (14-1-194-8) 
79-6 (63-2828) 
33-8 (15-4-62-2) © 
110-9 (61.6-189.2) 


After operation 


1 day 


- 1890 (340-6987) 


i 


t 


! 


1-7 (1-4-2.0) 
0-8 (0-6-1:1) 


1:3 (< 1-1-7-8) 





Values are mean (range). *Serum creatinine level was high in two patients, both with bilateral nephrocalcinosis. ALP, alkaline phosphatase: iPTH 


intact parathyroid hormone 
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Fig. 1 Radiograph of the pelvis (anteroposterior view) showing 


extreme osteopenia, brown tumours of the femur and fractures 


or multiple fragility fractures, three of whom were unaware 
of these before radiological examination. Twenty patients 
had brown tumours, which were clinically evident in seven 
as bony swellings or deformities. Significant proximal 
muscular weakness was present in 21 patients. Nine patients 
had renal involvement in the form of calculi or nephro- 
calcinosis; four were symptomatic. Twelve patients had 
significant behavioural problems, depressive psychoses in 
five being the commonest. Clinically evident anaemia was 
present in 23 patients. Other noticeable clinical features 
were restrictive respiratory disease in almost half of the 


patients, possibly related to respiratory muscle weakness, a 


thin dry skin and oral ulcers. Toothache, in the absence of 


any inflammatory dental pathology, was another noticeable 


feature, present in 12 patients, and could have been a part of 


generalized bone pain. 


Biochemistry, radiology and bone densitometry 


Total serum calcium levels before parathyroidectomy 
ranged from 2-4 to 3-7 mmol/l, despite serum iPTH levels 
being extremely high (mean 82-7 pmol/l) in most patients 
(Table 1). No linear correlation could be detected between 
serum calcium and serum iPTH. One patient had normo- 
caleaemic PHPT (serum calcium 2-4 mmol/l, iPTH 
34.6 pmol/l), overt OFC but no renal impairment. 
Urinary excretion of calcium was not abnormal in the 
majority of the patients. The high serum iPTH level was 
unrelated to renal impairment, since only two patients with 
bilateral nephrocalcinosis had a high serum creatinine level. 
Serum calcidiol levels were subnormal or low normal in the 
patients with PHPT and were higher than those in controls 


(P > 0-05). Serum calcitriol levels were high normal in 
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Fig. 2 Brown tumour of the upper end of the tibia 


patients with PHPT, significantly higher than those in 
controls (P < 0-05). Negative correlations were observed 
between serum calcidiol and serum iPTH (P < 0-001), ALP 
(P < 0.05) and parathyroid gland weight (P < 0-05). There 
was a trend towards a positive relationship between serum 
calcidiol and BMD at the radius and the lumbar spine 
(P = 0-09). 

All patients had radiological features of OFC, namely 
subperiosteal bone resorption, cortical cysts and osteope- 
nia. The spine, pelvis (Fig. 1), thighs and legs demonstrated 
extreme osteopenia, bone cysts, brown tumours and 
fractures (Fig. 2). Mean BMD Z-scores at the distal radius 
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and lumbar spine were ~ 4-2 and — 3-8 respectively (Table 2). 
Interestingly, BMD was substantially low both at trabecular 
(wrist) and cancellous (hip and spine) bone sites. 


Parathyroid surgery and histology 


Asingle parathyroid adenoma was found in 20 patients, one 
had a double adenoma and four had primary parathyroid 
hyperplasia which was nodular and asymmetric in three. 
Biopsies of all assumed normal parathyroid glands in 21 
patients were reported as normal or suppressed glands on 
histological examination. En bloc resection of a parathyroid 
tumour was carried out in five patients with intraoperative 
suspicion of carcinoma in view of gross tumour invasion. 
One of these was eventually diagnosed as an adenoma. The 
diagnosis of parathyroid carcinoma was based on the 
presence of gross capsular and vascular invasion, wide 
fibrovascular septae, cellular and nuclear pleomorphism 
and a high mitotic index. In addition, two of three patients 
subsequently developed metastases. The mean total para- 
thyroid gland weight was 8-6 (range 2-0-36.6) g, and 13 
adenomas measured more than 2 cm in diameter. No 
distinctions in clinical, biochemical and radiological 
features could be made between patients with parathyroid 
adenoma, hyperplasia or carcinoma. A higher parathyroid 
gland weight, however, was noted for carcinoma (mean 
21.0 g) than for adenoma (7-9 g) and hyperplasia (3-7 g) 
(P < 0.005). 


Postoperative course and outcome 


All of the patients suffered early, symptomatic hypocalcae- 
mia after parathyroidectomy (Table 2). Serum calcium 
levels fell to a trough within a mean of 28 (range 17- 
33) h. Intravenous calcium gluconate was maintained for a 
median of 6 (range 3-8) days. Perioperative complications 
(30 days) included septicaemia in three patients; two 
developed pancreatitis and died 7 and 10 days after 
operation with multiple organ failure. One patient had 
serious staphylococcal pneumonia and two others had fever 
of unknown origin. No patient sustained recurrent lar- 
yngeal nerve palsy, wound infection or haemorrhage 
requiring reoperation. 

All had relief of bone pain within 48 h of parathyroid- 
ectomy. The other dramatic recovery was of muscular 
weakness, which led to all the bedridden patients without 
unstable fractures being able to stand. Serum calcium and 
iPTH levels were normal at 6 months’ follow-up in all 
patients (Table 2). One patient with a parathyroid adenoma 
and bilateral nephrocalcinosis had a slightly raised early 
postoperative iPTH level, but this settled to normal within 
6 months of follow-up. None of the 25 patients with benign 
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Table 2 Bone mineral densitometric findings in the 14 most 
recent patients with primary hyperparathyroidism and matched 
controls 





*Values are mean. BMD, bone mineral density; PHPT, primary 
hyperparathyroidism 


parathyroid pathology has developed recurrent hyperpat 
thyroidism during follow-up ranging 
122 months. 

One of the patients with parathyroid carcinoma died 





from 116 to 


ga 


perioperatively from pancreatitis and septicaemia. Two 
patients with parathyroid carcinoma presented with recur- 
rent PHPT due to metastases 28 and 58 months : 
parathyroidectomy. One died from respiratory failure and 
multiple intracranial metastases; the other developed 
metastatic contralateral neck nodes. The latter patient 
also had chronic renal failure due to progressive bilateral 
nephrocalcinosis. The final patient with an intrathyroidal 
parathyroid carcinoma was a 19-year-old girl who was 
bedridden owing to extreme osteopenia and multiple 
fractures; she is alive and well, with no sigr 
tumour 4-5 years after parathyroidectomy. 





er 








Discussion 


PHPT is common in developed countries, and there 
are recent indications of a decrease in its incidence in 
North America and Sweden’?°. The prevalence rises 
with age for both sexes, and postmenopausal western 
women are particularly susceptible’7!. 
lack overt symptoms and are detected fortuitously’. 
Lack of symptoms and the indolent nature of 
disorder have led to a conservative attitude?" 
vague symptoms can impair quality of life but are 
difficult to evaluate objectively?*?°. 
can reduce the risk of 


Most patients 





Parathyroidectomy 
cardiovascular disease and 
premature death in patients with PHPT". 

This contrasts to the ‘bone, stones, moan and groans’ 
presentation of PHPT during the first half of the past 
century. This change has been attributed to the advent of 
biochemical screening. Early detection mav prevent pro- 
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gression to more florid disease. This contrasts with the 
rarity of progressive hypercalcaemia, renal impairment and 
OFC during decades of surveillance’®*1”?. It also seems 
unlikely that increased awareness alone could account for 
the shift from the third/fourth to the fifth/seventh decades 
of life for the peak incidence of PHPT". 

The clinical picture of PHPT in India today is similar to 
that recognized previously in the west. The disease is 
seemingly rare, patients are comparatively young, and they 
suffer overt skeletal and renal manifestations'”?. Similar 
clinical and pathological features of this disease have been 
reported from other developing countries!” 

Symptomatic OFC and a severely decreased BMD were 
dominant manifestations of PHPT!?"'’. This contrasts 
with the mild-to-moderate cortical osteopenia and sparing 
of cancellous bone in PHPT of western societies*” **. The 
tremendous loss of bone mineral both at cortical and 
cancellous sites in the present series was accompanied by 
multiple fractures. Other unusual observations were the 
large, multiple brown tumours causing gross deformity and 
spontaneous fracture. The upper tibia and pubic rami were 
the most common sites of fractures and brown tumours, 
while unusual sites included the vertebral body, iliac crest, 
hard palate and ribs. 

The patients had extremely high serum iPTH and 
ALP levels, which signify deranged secretory control in 
very large parathyroid glands and the severity of bone 
involvement. Consistent with other studies, however, 
the extent of hypercalcaemia was moderate and a few 
patients were actually normocalcaemic’?-!*. This may 
be due to vitamin D insufficiency, low dietary calcium 
intake and poor bone mineral reserve. These circum- 
stances reflect a substantial calcium resistance to PTH 
secretion, which is a rather poorly understood phe- 
nomenon related to the calcium-sensing ability of the 
parathyroid cells, and the effects of calcitriol”. The 
unusual relationship between serum calcium and iPTH 
also underlines the peripheral resistance to the calcae- 
mic actions of PTH, which can relate to loss of the 
protective effects of calcitriol mainly in bone, and the 
defective actions of the PTH receptor’’®. Another 
characteristic feature was the impressive size of the 
parathyroid glands; one-third of the benign parathyroid 
tumours were palpable at diagnosis. A common 
pathogenic denominator in all these respects 1s 
calcitriol, since it also seems to be the most potent 
inhibitor of parathyroid gland growth**. 

There was a high incidence of parathyroid cancer in the 
present small series. Extreme biochemical indices of PHPT, 
severe skeletal and renal involvement, and palpable para- 
thyroid tumours are considered predictors of parathyroid 
carcinoma’. Besides a greater tumour weight, however, 
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there were no discernible clinical differences between 
parathyroid adenoma and carcinoma in the present series. 

The postoperative interval was far from uneventful. 
Infection was a principal problem and may have been 
related to impaired cellular and humoral immunity from 
high serum iPTH levels**. There was invariably a marked 
postoperative hypocalcaemia that started early and required 
sustained vitamin D supplementation, most likely due to 
‘hungry bone syndrome’. There were signs of renal damage 
in only two of the patients with bilateral nephrocalcinosis. 
Parathyroidectomy resulted in marked, early and sustained, 
although varied and disorderly, remineralization of the 
diseased skeleton in all patients*®. 

Serum calcidiol has been suggested as one of the 
determinants of the extent of parathyroid growth and 
the severity of bone loss in PHPT in countries in 
which vitamin D deficiency is a public health pro- 
blem!”!213:18° The serum calcidiol level was subnormal 
or low normal in the present series, and the rise in 
serum calcitriol was very modest, considering the extent 
of the PTH excess. The importance of calcidiol was 
supported by its negative correlation to parathyroid 
tumour weight, serum iPTH and ALP levels, and a 
trend to a similar relationship with BMD. Differences 
in vitamin D nutrition and delay in seeking medical 
advice could account for much of the geographically 
heterogeneous presentation of PHPT’"3!7, It is not 
known whether this severe PHPT variant is coupled to 
the presence of a hidden milder ‘western’ type of 
disease, since population-based analyses are lacking in 
vitamin D-deficient countries. In American patients 
with PHPT and a vitamin D insufficiency, however, 
the biochemical, densitometric and histomorphometric 
indices of skeletal manifestations and parathyroid 
tumour growth are far milder than those in India®’®, 
The existence of similarly severe skeletal manifestations 
in the rare vitamin D-replete Indian patients with 
PHPT also suggests that factors other than vitamin D 
interact in the development of PHPT in India and 
other developing countries. 
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Background: The extent of lymph node dissection can affect tumour node metastasis staging. The 
resulting ‘stage migration’ might hamper stage-by-stage comparison between different forms of 
oesophageal resection. The aim of this study was to assess the diagnostic impact of extended en bloc 
lymphadenectomy in staging (adeno)carcinoma of the mid/distal oesophagus or gastric cardia. 

Mothods: This was a prospective study of 74 patients (67 men and seven women; median age 63 (range 
40-78) years) who underwent extended oesophagectomy between 1994 and 2000. 

Results: A median of 31 (range 15-78) lymph nodes was resected (and identified), with a median of 5 
(range 0-31) positive nodes. Twenty-seven patients (36 per cent) had tumour-positive nodes in 
extended fields: 15 patients (20 per cent) in the abdomen and 15 patients (20 per cent) in the 
mediastinum. Subcarinal nodes were most affected (19 per cent). Extended resection led to tumour 
upstaging in 17 patients (23 per cent); two patients had, isolated positive subcarinal nodes and 15 other 
tumours became Mj, owing to positive nodes near the coeliac axis, hepatic artery or splenic artery. 
Tumour positivity in paratracheal or aortopulmonary nodes occurred in 8 per cent of patients, without 
influencing staging. 

Conclusion: Extended en bloc lymphadenectomy altered staging in 17 of 74 patients (23 per cent) with 
adenocarcinoma of the oesophagus or cardia, mainly into M}, owing to positive coeliac nodes (20 per 
cent). 
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Introduction 


Lymph node dissection for oesophageal carcinoma serves 
three purposes: it aids in the staging of the disease, it may 
decrease or postpone the incidence of locoregional tumour 
recurrence, and it may prolong (disease-free) survival. 
Proper staging offers important prognostic information, 
for both physician and patient, and might influence the 
decision to apply adjuvant chemotherapy and/or radiation 
therapy. 

During a transhiatal oesophageal resection, the left 
gastric artery is transected as it branches from the coeliac 
axis, and only nodes at the origin of the left gastric artery are 
removed routinely. Nodes near the coeliac axis (i.e. nodes 
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near the hepatic and splenic arteries and the coeliac axis 
itself) are not resected routinely. Metastases in these nodes 
are considered distant metastases (M) for oesophageal 
carcinoma according to the Union Internacional Contra la 
Cancrum (UICC) 1997 tumour node metastasis (TNM) 
classification’. The subcarinal lymph nodes are also not 
included in the resection during a transhiatal procedure. 
The positivity of these nodes affects the N status, but not the 
M status. 

In general, variability in the extent of lymph node 
dissection and number of lymph nodes examined per lymph 
node station can significantly affect nodal staging and thus 
TNM staging. This can lead to so-called stage migration, 
i.e. the migration of disease into a more advanced stage, by 
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demonstrating (more distant) lymph node metastases, 
which would not have been identified by a less extended 
lymphadenectomy. This phenomenon might hamper the 
stage-by-stage comparison between different forms of 
oesophageal resection. In this study the effect of an 
extended en bloc resection on staging adenocarcinoma of 
the mid/distal oesophagus or gastric cardia was evaluated. 


Patients and methods 


Patients undergoing right-sided transthoracic oesophag- 
ectomy with an extended en bloc lymph node dissection for 
adenocarcinoma of the mid/distal oesophagus or gastric 
cardia, as part of a randomized trial comparing transhiatal 
resection with transthoracic oesophagectomy with ex- 
tended en bloc lymph node dissection, were enrolled. 
Operations were performed with curative intent, that is in 
the absence of local irresectability and/or distant metastases 
(including positive cervical lymph nodes or irresectable 
coeliac lymph nodes). 

The diagnostic evaluation consisted of endoscopy with 
biopsy, endosonography, external sonography of abdomen 
and neck, and laryngoscopy to evaluate the function of the 
vocal cords. Routine chest radiography and electrocardio- 
graphy were also performed. Laparoscopy with laparo- 
scopic ultrasonography was added for carcinoma of the 
cardia. The latter was defined as a lesion with the tumour 
bulk at or distal to the gastro-oesophageal junction as 
determined endoscopically or endosonographically. 

The TNM classification of the UICC (1997) was used for 
staging’. Oesophageal carcinoma and carcinoma of the 
cardia (with substantial ingrowth in the oesophagus) were 
considered as one clinical entity and staged by the 
classification for oesophageal carcinoma’. Nodes near the 
coeliac axis, the hepatic artery and the splenic artery were 
considered to be Mia. Histologically proven tumour- 
positive lymph nodes in the neck (Mj,) were considered 
to bea contraindication to curative surgery, while resectable 
enlarged lymph nodes near the coeliac axis (formally M14) 
were not. 

All patients underwent a cervicothoracoabdominal sub- 
total oesophageal resection with dissection of the right- 
sided paratracheal (up to 3 cm from the subclavian artery, 
leaving the right recurrent nerve chain fn situ), aortopul- 
monary window, subcarinal, mediastinal, paracardial, lesser 
and greater curvature, left gastric artery, common hepatic 
artery, splenic artery and coeliac trunk lymph nodes. The 
left paratracheal/recurrent laryngeal nerve chain was not 
dissected. Paratracheal, aortopulmonary window and sub- 
carinal lymph nodes were considered to be extended lymph 
nodes, as were nodes near the hepatic artery, near the 
splenic artery or near the coeliac trunk. Nodes at the origin 
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of the left gastric artery were not considered to be extended 
nodes, as they are also removed during non-extended 
transhiatal resection without formal lymph node dissection. 
The anastomosis was made in the neck, approaching the 
neck from the left side for reasons described elsewhere’. No 
formal lymphadenectomy was performed in the neck. 

Surgery was performed or supervised by one of three 
experienced oesophageal surgeons at tertiary care centres 
with a wide experience in oesophageal surgery (more than 
70 resections each annually). 

The origin of the left gastric artery and the subcarinal 
nodes was marked in the resection specimen. Separate 
lymph nodes were marked by localization and submitted in 
separate bottles. Perioesophageal tissue and lesser and 
greater omentum were palpated for the presence of lymph 
nodes by the pathologist, and subsequently dissected. 
Routine staining was performed using a standardized 
protocol in which lymph nodes were bisected and both 
sides were stained with haematoxylin and eosin. Patients 
were only eligible for the present study when 15 or more 
lymph nodes had been resected and identified by the 
pathologist, and the subcarinal and left gastric artery lymph 
nodes were marked adequately. The resection specimens 
were reviewed by an experienced (gastrointestinal) pathol- 
ogist, and pathological findings were described on a 
standardized form. The pathological (pTNM) stage, 
tumour diameter, differentiation grade, radicality, total 
number of resected lymph nodes and total number of 
positive lymph nodes, including their localization, were 
recorded. No additional immunohistochemical staining 
techniques to detect micrometastases were used. 


Results 


Between 1994 and 2000, 74 patients who met the inclusion 
criteria underwent extended transthoracic oesophagect- 
omy: 67 men and seven women with a median age of 63 
(range 40-78) years. This group accounted for 75 per cent of 
all patients undergoing transthoracic resection with ex- 
tended en bloc resection in the study period. There were 60 
tumours of the distal oesophagus (81 per cent) and 14 
tumours of the cardia (19 per cent). Median operation time 
was 6 (range 3-5-8-5) h. The in-hospital mortality rate was 7 
per cent (five of 74 patients). The median stay in intensive/ 
high-dependency care was 6 (range 1-79)days and the 
median hospital stay was 22 (range 7—154) days. 

The median number of resected and identified lymph 
nodes per patient was 31 (range 15-78), with a median 
number of 5 (range 0-31) histologically positive nodes. 
There were no positive lymph nodes found in nine patients 
with T; tumours (all submucosal) while lymph node 
metastases were found in nine of nine and 50 of 56 patients 
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with Tz and T; tumours respectively. The distribution of 
lymph nodes is shown in Table 1. Tumour-positive lymph 
nodes were most frequently encountered in the non- 
extended fields. Overall, 27 patients (36 per cent) had 
positive lymph nodes in extended resection fields: 15 
patients (20 per cent) had positive nodes in the extended 
fields of the mediastinum and 15 patients (20 per cent) had 
positive nodes in the extended fields of the abdomen. Three 
patients had positive nodes in the extended fields of both 
abdomen and chest. There was no difference between 
oesophageal carcinoma and carcinoma of the cardia 
regarding the presence of nodal metastases in the extended 
fields. 

The pT NM stage of the tumours is shown in Table 2. An 
extended resection in the chest and abdomen led to 
upstaging of the tumour in 17 (23 per cent) of 74 patients, 
14 of 60 patients with oesophageal carcinoma and three of 
14 patients with carcinoma of the cardia. Two of these 17 
patients had isolated positive subcarinal nodes, upstaging 
from No to N;. The remaining 15 patients had M,, nodes in 
the abdomen: positive (resectable) lymph nodes near the 
coeliac axis, near the hepatic artery or near the splenic 


artery. Eight patients had positive nodes near the 
axis without positive nodes at the origin of the left : 
artery. There was no upgrading due to tumour-positive 
paratracheal or aortopulmonary nodes, although in three 
patients these were the only positive node locations in the 
chest (but the patients also had positive nodes in the non- 
extended abdominal fields). 








Discussion 


In the present series, tumour-positive lymph nodes in the 
extended fields changed staging in 17 (23 per cent) of 74 
patients, offering potentially important diagnostic and 
prognostic information. This stage migration has been 
demonstrated clinically for gastric carcinoma, but not as yet 
for oesophageal carcinoma”. 

During routine transhiatal resection at the authors’ 
institutions the nodes near the origin of the left gast 
artery are removed. Adding a formal dissection nea 
coeliac axis changed staging in 20 per cent of patients. 
of these patients showed some form of skip metastases, 








nodes near the coeliac axis being positive without positive 


Table1 Lymph node distribution among 74 patients with adenocarcinoma of the mid/distal oesophagus and/or gastric cardia who 


underwent extended lymphadenectomy in the chest and abdomen 





Values in parentheses are percentages. *Ratio of positive to removed and identified lymph nodes 


Table2 Pathological tumour node metastasis (pTNM) stage of tumours in 74 patients after extended en bloc resection compared with 
pTNM stage when only non-extended lymph node stations were taken into account 
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nodes near the origin of the left gastric artery. A formal 
lymphadenectomy near the coeliac axis can probably be 
done without increasing morbidity or mortality rates 
substantially, and provides important diagnostic informa- 
tion. Based on this assumption, a routine lymph node 
dissection might be recommended for staging purposes in 
the upper abdomen, if this diagnostic information leads to 
an altered postoperative adjuvant strategy. 

During a transthoracic en bloc resection the subcarinal 
(and sometimes the lower paratracheal) nodes are removed 
routinely, while the nodes in the aortopulmonary window 
are not dissected. In the present protocol the nodes in the 
aortopulmonary window were resected together with the 
right-sided paratracheal nodes, which led to the term 
‘extended en bloc’ resection. 

The subcarinal nodes were positive in 19 per cent of 
patients. This is in accordance with the literature, in which 
the percentage of patients with positive nodes ranges from 
10 to 40 per cent™®. These nodes might sometimes be 
reached through the widened hiatus of the diaphragm 
during transhiatal resection, but this would require the use 
of large retractors, possibly leading to more manipulation of 
the heart, and dissection under suboptimal vision. In 
routine transhiatal resection, these nodes are therefore only 
rarely removed. Although not important for staging (stage 
in only two patients (3 per cent) changed from No to N; 
owing to isolated positive subcarinal nodes), the large 
percentage of tumour-positive lymph nodes at this site 
suggests a possible benefit of routine clearance of the 
subcarinal nodes. Whether or not removal of these positive 
subcarinal nodes lowers the incidence of locoregional 
recurrence and perhaps even improves long-term survival 
is beyond the scope of the present analysis. Adding a 
thoracotomy probably increases the physiological impact of 
the operation, leading to increased postoperative morbidity 
and mortality rates”!°. Therefore, adding a formal thor- 
acotomy for staging purposes only seems unwarranted 
based on the present data. 

Some authors propose using a classification system in 
which adenocarcinoma of the distal oesophagus and 
adenocarcinoma of the gastric cardia are considered as 
one entity", In the present paper the TNM classification 
for carcinoma of the distal oesophagus was used. There 
seemed to be no difference in lymph node spread between 
oesophageal carcinoma and carcinoma of the cardia. 
However, when the TNM classification of stomach cancer 
is used, the nodes located along the left gastric, common 
hepatic, splenic and coeliac arteries and the hepatoduodenal 
nodes are considered as regional lymph nodes, and not as 
distant metastases. Only involvement of other intra- 
abdominal lymph nodes such as the retropancreatic, 
mesenteric and para-aortic nodes is classified as constitut- 


British Journal of Surgery 2001, 88, 715-719 www.bjs.co.uk 


ing distant metastasis. In the present series, dissection of 
these latter nodes was not performed. If the stomach cancer 
criteria were applied to the lymph nodes in the abdomen, 
there would not have been any stage migration due to 
removal of the peritruncal nodes. However, 28 tumours (38 
per cent) would have been restaged as M; owing to the 
presence of intrathoracic nodal disease as a thoracic lymph 
node dissection would have been performed. 

Less invasive (non-operative) techniques are being 
developed to supply more accurate diagnostic information 
about the status of specific lymph node stations. When 
combined with fine-needle aspiration, endosonography 
might, in experienced hands, be able to reliably identify 
patients with cytologically positive nodes'*"*. When the 
subcarinal or paratracheal nodes are found to be positive, an 
en bloc resection might be considered. However, even with 
experience, it is difficult to distinguish between nodes near 
the origin of the left gastric artery (N;) and nodes near the 
coeliac axis (M,), which is why only the presence of 
enlarged, irresectable (more than 2 cm on external ultra- 
sonography), histologically proven tumour-positive nodes 
near the coeliac axis was used as a contraindication to 
surgery in the present study. In this series, there was one 
patient with endosonographically suspicious nodes near the 
coeliac axis undergoing resection; in the other 14 patients 
the presence of nodal metastases became apparent in the 
resection specimen. Laparoscopy in combination with 
laparoscopic ultrasonography, performed only in patients 
with carcinoma of the cardia, had not been able to detect 
these small metastases. The development of positron 
emission tomography and magnetic resonance imaging 
with iron contrast might also aid in the preoperative staging 
of patients with carcinoma of the oesophagus’*?®. 
However, until long-term recurrence and survival data are 
available, the therapeutic effect of a more extended 
lymphadenectomy remains uncertain. 

An extended lymphadenectomy in the abdomen and chest 
altered staging in 23 per cent of patients with (adeno)carci- 
noma of the mid/distal oesophagus and/or gastric cardia, 
offering valuable diagnostic and prognostic information. 
Stage migration in oesophageal cancer occurred mainly due 
to positive nodes in the upper abdomen. If dissection of 
these nodes can be performed without increasing morbidity 
or mortality rates substantially, a routine extended lymph- 
adenectomy along the coeliac axis can be recommended for 
staging purposes. Although often positive, subcarinal nodes 
changed staging only in a small minority of patients. 
Routine clearance of the subcarinal nodes, requiring a 
thoracotomy or a technically demanding extended trans- 
hiatal resection, is probably not warranted for staging 
purposes only. Less invasive preoperative diagnostic 
modalities may identify patients with positive subcarinal 
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or paratracheal nodes, but whether removal of these nodes 
offers any (disease-free) survival benefit has yet to be 
demonstrated. 
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Background: In children undergoing a unilateral inguinal herniotomy, the contralateral groin is often 
explored on the basis of a high incidence of patency of the processus vaginalis. The patency rate is 
highest in infants but there are no data on the subsequent risk of contralateral hernia development 
purely in this population. This was a study of the incidence of contralateral inguinal hernia following 
unilateral inguinal herniotomy in infancy (aged less than 1 year). 

Methods: All infants who underwent a unilateral inguinal herniotomy between January 1986 and 
December 1991 were studied retrospectively. 

Results: One hundred and eighty-one infants (165 boys and 16 girls) were studied. Median gestational 
age was 37 (range 25-42) weeks and median age at operation was 87 (range 1-365) days. The herniotomy 
was right sided in 82-9 per cent of infants. Follow-up ranged from 5 to 10 years. A contralateral hernia/ 
hydrocele developed in 14 infants (7-7 per cent). None of the hernias was incarcerated. Median time 
from operation to occurrence of the contralateral hernia was 18 (2-67) months. Gestational age, sex and 
the side of the hernia did not influence the incidence of contralateral hernia development. 

Conclusion: The low incidence of contralateral hernia development in infants undergoing a unilateral 


inguinal herniotomy does not justify routine contralateral groin exploration. 


Paper accepted 5 December 2000 


introduction 


Four decades after Rothenberg and Barnett? advocated 
contralateral groin exploration, controversy about the 
optimal management of a unilateral inguinal hernia in 
childhood persists. The bilateral approach is advocated on 
the basis of age", prematurity’, incarceration’, sex’ °* and 
the side of the hernia®’. A study of the natural history of the 
processus vaginalis suggests that 40 per cent close at around 
the time of birth, 20 per cent over the ensuing 2 years and 
that the patency rate is 40 per cent at the age of 2 years!”. 
Morgan and Anson! ' showed that 20 per cent of adult men 
have a patent processus withouta previous history of clinical 
hernia. Patency of the processus is therefore a poor criterion 
upon which to base contralateral groin exploration. Itwould 
seem more appropriate to be guided by the actual risk of 
clinical hernia development. Data on long-term risk of 
contralateral hernia development in children are 
limited®*'°-!* and there are no studies confined exclusively 
to infancy, when the risk of clinical hernia development is at 
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its highest'®!”. The aim of this study was to quantify the risk 
of development of a clinical inguinal hernia in children who 
had undergone a unilateral inguinal herniotomy in infancy. 


Patients and methods 


A retrospective study of all patients presenting with a 
unilateral inguinal hernia between January 1986 and 
December 1991 was undertaken. Inclusion criteria for the 
study were age less than lyear and unilateral inguinal 
herniotomy. An exclusion criterion was bilateral groin 
exploration. The case records were reviewed for each 
patient and the variables evaluated were sex, gestational age, 
age at operation, initial side of inguinal hernia, development 
of contralateral hernia, the presence of incarceration, time 
lapse between initial operation and occurrence of a 
contralateral hernia, and length of follow-up. 

Measures were taken to ensure that patients presenting 
initially to this institution had not subsequently presented 
to another hospital in Scotland with a contralateral inguinal 
hernia. A search was performed by the Information and 
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Statistics Division of the National Health Service in 
Scotland, which holds a national database of all admissions 
and operative procedures. 


Results 


Some 185 infants presented witha unilateral inguinal hernia 
over the 6-year period. Four infants were excluded because 
they underwent repair of a synchronous contralateral 
hydrocele. One hundred and eighty-one were included in 
the study. There were 165 boys and 16 girls. Forty-five 
infants (24-9 per cent) were premature. Median gestational 
age was 37 (range 25—42) weeks and median age at operation 
was 87 (range 1-365) days. The initial herniotomy was right 
sided in 150 infants (82-9 per cent). Follow-up varied from 5 
to 10 years. 

A contralateral hernia/hydrocele developed in 14 infants 
(7-7 per cent): 13 boys and one girl. The original 
herniotomy was right sided in 12 and left sided in two. 
The findings in the contralateral groin were of a hernia in 12 
and a hydrocele in two. None of the metachronous 
contralateral inguinal hernias presented with incarceration. 
Data relating to these 14 infants are shown in Table 1. 

The incidence of a contralateral inguinal hernia was 7-9 
per cent in boys and 6 per cent (one of 16) in girls; 6 per cent 


Table1 Clinical data relating to patients who presented with a 
contralateral inguinal hernia 





Values are median (range) 


(two of 31) in left-sided and 8-0 per cent in right-sided 
hernias; 2 per cent (one of 45) in premature and 9.6 percent 
in mature infants. 


Discussion 


The published literature on the management of the 
contralateral groin in children with a unilateral inguinal 
hernia abounds with conflicting advice. Contralateral groin 
exploration is not standard practice in the UK. A survey of 
American surgeons’? revealed that 65 per cent performed 
contralateral groin exploration in boys under the age of 
2 years and 84 per cent performed the procedure in girls up 
to the age of 4years. Impetus for the present study was 
provided by the lack of long-term data on the risk of 
contralateral clinical hernia development when herniotomy 
is performed in infancy. 

A contralateral clinical hernia or hydrocele developed in 
7-7 per cent of the study population. This low incidence is of 
the same order of magnitude as that reported in older 
children (Table 2). Therefore, in spite of having a high 
patency rate of the processus, infants do not have a higher 
risk of developing a contralateral hernia than older children. 
This observation is not surprising as it is well documented 
that there is a high chance of closure of the processus which 
is open at birth? and even those which remain patent do not 
always manifest as a hernia'!. The lack of a relationship 
between the risk of a contralateral hernia and age at 
operation has also been reported by Given and Rubin'*. 
This finding puts into question the practice of exploring the 
contralateral groin on the basis of early age. 

Sex and prematurity, as well as the side of the initial 
hernia, were not found to influence the incidence of a 
contralateral hernia. These observations are in agreement 
with those of Given and Rubin’? and Kemmotsu er al”, 





Table2 Published incidence of metachronous contralateral inguinal hernia 
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who found that sex did not influence the incidence of 
contralateral hernia development. In contrast, Tackett et 
al.’ found prematurity to bea predisposing factor. There are 
conflicting reports of the influence of laterality. Some 
studies have found a higher incidence of contralateral hernia 
in infants presenting with a left-sided hernia®!? whereas 
others have not found the side of the hernia to have any 
effect on contralateral: hernia development'?!°. Pooled 
data from five series showed that the risk of development of 
a contralateral hernia was the same irrespective of the side of 
the presenting hernia®**, 

The follow-up period in this study, which ranged from 5 
to 10 years, ıs considered adequate. Lym et al. 12 found that 
100 per cent of contralateral hernias had presented by 
15 months. Surana and Puri!® and Given and Rubin’? 
reported that 100 per cent had presented by 18 months and 
over 90 per cent by 5 years respectively. 

Based on an incidence of contralateral hernia of 7-7 per 
cent, 13 contralateral groins would require exploration in 
order to prevent one hernia. Whether such a practice is 
justifiable depends partly on the incidence of complications 
associated with the procedure. Injury to the vas deferens is 
reported in 1-2 per cent”*”®, decreased testicular size in 2- 
and iatrogenic ascent of the testis in 3 per 
cent of cases!?. In the light of such data, groin exploration in 
the absence of a hernia would seem highly questionable. 

It is of particular relevance that none of the contralateral 
hernias in this study population presented with incarcera- 
tion. None of the clinical reports of contralateral hernia 
development mention the problem of incarceration. It can 
therefore be assumed that the risk of a metachronous 
contralateral hernia presenting with incarceration is mini- 
mal. 

In conclusion, infants who present with a unilateral 
inguinal hernia have a low risk of developing a contralateral 
inguinal hernia. Sex, prematurity and the side of the hernia 
do not influence the incidence of contralateral hernia 
development. In an era in which cost-effectiveness and 
evidence-based practice are gaining wider support, con- 
tralateral groin exploration at the time of inguinal 
herniotomy is hard to justify. 
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Background: Percutaneous endoscopic gastrostomy (PEG) may be required in neurosurgical patients 
with a persistently depressed neurological status or severe lower cranial nerve palsies. Such patients 
may have a coexisting hydrocephalus requiring cerebrospinal fluid (CSF) diversion. Despite the risk of 
infection resulting from exposure to oropharyngeal flora by the pull-through PEG technique and the 
secondary pneumoperitoneum seen in one-third of patients, simultaneous peritoneal placement of CSF 
shunt catheters with PEG is the current practice. The aim of the study was to determine the frequency 
of CSF diversionary procedures in neurosurgical patients undergoing PEG insertion and the occurrence 
of infective complications in patients with simultaneous placement of a PEG and a ventriculoperitoneal 
(VP) shunt. 

Methods: This was a retrospective review of all neurosurgical patients undergoing PEG. ‘The presence 
of hydrocephalus, mode of CSF diversion and the development of subsequent infection in those having 
coexistent distal peritoneal catheter placement and PEG were determined. 

Results: PEGs were placed in 42 neurosurgical patients (9-3 per cent of all PEGs inserted), of whom 21 
had a coexisting hydrocephalus. Eight of 16 shunts with distal catheter placement in the peritoneal 
cavity developed infection requiring revision. Infections occurred with greater frequency in patients 
with a tracheostomy. There were no shunt infections requiring revision in a second group of 21 patients 
who had a coexisting shunt and tracheostomy without PEG. 

Conctusion: Simultaneous placement of a PEG and a VP shunt should be avoided in the acute phase of a 
patient’s hospital admission. 
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Introduction 


Percutaneous endoscopic gastrostomy (PEG) was first 
described in 1980!. Its role in long-term enteral nutritional 
support in patients with an intact gastrointestinal tract but 
impaired swallowing mechanisms is now well estab- 
lished?*, Neurosurgical patients with a persistently 
depressed neurological status or severe lower cranial nerve 
palsies and who require gastrostomy tube feeding may also 
have a coexisting hydrocephalus requiring a cerebrospinal 
fluid (CSF) diversionary procedure. Permanent CSF 
diversion for hydrocephalus usually involves placement of 
a shunt, such as a ventriculoperitoneal (VP), ventriculo- 
pleural or ventriculoatrial shunt. Some 5-10 per cent of all 
shunts inserted eventually require revision for infection? ®. 

The infective complications of percutaneous gastro- 
stomy include stomal site infection in 2-9-8-8 per cent™"! 
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and peritonitis in 0-5-6-6 per cent’®!?-!*_ The standard 
pull-through technique of PEG insertion exposes the 
gastrostomy tube to oropharyngeal flora. A pneumoper- 
itoneum is also seen after one-third of all PEG insertions. 
Placement of a PEG is followed by the eventual formation 
ofa mature gastrocutaneous fistula. The exact nature of this 
tract and the time required to reach maturity is poorly 
understood. Thus, following PEG there are a number of 
factors that could lead to an intraperitoneally placed 
catheter becoming exposed to bacterial pathogens. 

Despite the potential additional risk of infection seen 
with simultaneous placement of the distal catheter of a VP 
shunt within the peritoneal cavity and a PEG, such 
coplacement remains the current practice. In fact, an 
increased rate of VP shunt infection following PEG 
insertion has not yet been established. 
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The aims of this study were to determine the proportion 
of PEGs carried out in neurosurgical patients with 
coexisting hydrocephalus and the number of infective 
complications associated with the simultaneous placement 
of a PEG and a VP shunt. 


Patients and methods 


All patients undergoing PEG at the Royal Hallamshire 
Hospital, Sheffield and at Hull Royal Infirmary between 
November 1995 and April 1999 were reviewed retro- 
spectively, allowing those referred from the Departments of 
Neurosurgery to be identified. The records of all neuro- 
surgical patients undergoing PEG were examined; variables 
including the indication for PEG, presence of coexisting 
hydrocephalus, any CSF diversionary procedure and 
subsequent development of shunt infection were recorded. 
Infection was defined as positive CSF/catheter culture or a 
CSF leucocytosis in association with a non-functioning 
shunt. 

All patients received a commercially available gastro- 
stomy tube introduced by a standard pull-through techni- 
que. Procedures were performed under sedation with 
topical pharyngeal anaesthesia and antibiotic prophylaxis. 

Because the indication for PEG in neurosurgical 
patients is a prolonged depressed level of consciousness 
or lower cranial nerve palsy, such patients with PEG 
may also have had a tracheostomy. Records of patients 
who had a coexistent shunt and tracheostomy without 
PEG were obtained to ensure that any increased shunt 
infection could not be accounted for by the presence of 
a tracheostomy. 


Results 


Forty-two neurosurgical patients (9-3 per cent of all PEG 
insertions) were identified (17 females and 25 males of mean 
age 42-6 (range 14-77) years) with a mean follow-up from 
PEG insertion of 22.5 (range 7-46) months. Thirty-one 
neurosurgical patients required PEG feeding for persis- 
tently depressed neurological status. Eleven patients 
required PEG feeding because of severe lower cranial 
nerve palsies. 

Twenty-one neurosurgical patients who required a 
PEG had coexisting hydrocephalus necessitating CSF 
diversion. Sixteen permanent CSF diversion procedures 
involving placement of a distal shunt catheter in the 
peritoneal cavity were performed on 13 patients. 
Placement of the shunt occurred in half of these 
patients before PEG insertion and in half after PEG 
insertion. The remaining eight patients with hydro- 
cephalus had either temporary external ventricular 
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drainage, or a permanent diversion in the form of a 
ventriculoatrial shunt, ventriculopleural shunt or endo- 
scopic third ventriculostomy. 

Eight of the 16 shunts associated with distal catheter 
placement in the peritoneal cavity in the presence of aPEG 
required shunt revision for infection. A further patient with 
a VP shunt required revision for a peritoneal catheter 
obstruction. Culture of CSF and the peritoneal catheter end 
did not yield any organisms. However, omental wrap 
around of the peritoneal catheter end provoked by 
colonization of shunt tubing is the most likely cause of the 
obstruction. This patient was not included in the infected 
group. 

Microbiological analysis of CSF revealed positive cul- 
tures in seven episodes; the bacteria cultured were 
Staphylococcus epidermidis (five), S. aureus (three) and coli- 
forms (two). One patient, following antibiotic administra- 
tion, had a CSF leucocytosis with a negative culture. 

Shunts with the distal shunt catheter in the peritoneal 
cavity were divided into two groups: those developing 
infection (7 = 8) and those not developing infection (n = 8). 
The development of infection was not related to the 
sequence of, or interval between, shunt and PEG place- 
ment. The presence of a tracheostomy during the period of 
coplacement of the PEG and shunt was noted in all shunts 
that became infected but in only one that did not become 

Twenty-one patients with 22 episodes of a synchronous 
VP shunt and tracheostomy, without PEG, were also 
identified. There were no episodes of shunt infection, 
although one shunt required revision for ventricular 
catheter obstruction in the absence of CSF leucocytosis or 
positive cultures. The mean duration of tracheostomy 
placement was 3 (range 1-12) weeks and the duration of 
follow-up was similar to that of patients with PEG. 


Discussion 


In this study, neurosurgical patients accounted for 9-3 per 
cent of all PEGs inserted. Half of these patients had a 
coexisting hydrocephalus for which a VP shunt had been 
performed or was under consideration. A surgeon or 
endoscopist performing PEGs should therefore have an 
awareness of the issues concerning PEG insertion in this 
patient group. 

The literature contains only two papers concerned with 
the coplacement of a PEG with a VP shunt. Graham et al.’* 
performed a prospective study of adults undergoing PEG a 
mean of 2-2 weeks following shunt insertion. All patients 
received periprocedural prophylactic antibiotics. With no 
shunt infections documented, the authors concluded that a 
PEG could safely be inserted in patients with VP shunts. 
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Sane et al.'° retrospectively reviewed 23 children who had a 
PEG inserted without antibiotic prophylaxis at least 
1 month before VP shunt insertion. Two of 23 children 
demonstrated signs of peritonitis, with subsequent shunt 
infection. The authors concluded that children with a VP 
shunt and a PEG are at greater risk of infection, and 
recommended the use of prophylactic antibiotics at PEG 
insertion. 

Insertion of a PEG should lead to the eventual 
formation of a mature gastrocutaneous fistula. This 
process is thought to take several weeks and may be 
prolonged in patients with impaired wound healing 
ability, including those with systemic illness or taking 
steroid medication'”"!*. No patients in this series were 
on steroid medication. An immature PEG tract may 
permit bacterial translocation into the peritoneal cavity. 
Minor peritoneal contamination at the time of PEG 
insertion may also occur. Either mechanism may lead 
to infection of an intraperitoneal shunt catheter. 
Peritoneal contamination may lead initially to shunt 
colonization rather than infection. Some organisms 
have the ability to degrade shunt catheter material, 
forming microscopic colonies within the walls of the 
catheter which may persist for long periods before the 
development of clinical features of infection?™!. Such 
colonization may also provoke omental wrapping of the 
distal catheter tip, leading to shunt obstruction in the 
absence of overt clinical features of infection. Colonies 
embedded within the catheter wall may also explain 
why CSF cultures can be negative despite the presence 
of an infected shunt device®”?. 

An increased risk of infection with simultaneous place- 
ment of a PEG and a VP shunt was associated with the 
presence of a tracheostomy at the time of coplacement. 
However, the presence of a tracheostomy without a PEG 
was not associated with shunt infection. The presence of a 
tracheostomy, placed during the acute phase of the hospital 
admission, highlights those patients who are systemically 
unwell with a potentially reduced host response to minor 
peritoneal contamination. 

In conclusion, neurosurgical patients account for almost 
10 per cent of all PEG insertions. Half of these patients have 
hydrocephalus requiring a permanent CSF diversionary 
procedure, potentially a VP shunt. Synchronous placement 
of both a PEG and VP shunt during the acute phase of the 
hospital admission, when the patient may also have a 
tracheostomy, results in a 50 per cent shunt infection rate. 
Tracheostomy alone is not associated with increased shunt 
infection. Simultaneous placement ofa PEG and a VP shunt 
should be avoided during the acute phase of the hospital 
admission. 
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Randomized controlled trial of the effect of early enteral 
nutrition on markers of the inflammatory response in 
predicted severe acute pancreatitis (Br 7 Surg 2000; 

87: 1375-81) 

Sir 

The authors state, ın their inclusion criteria, that all patients 
suffered severe pancreatitis but the Glasgow scale score was 2 
for both groups, with a range of 0—6. In addition APACHE II 
values were 2 7. The Atlanta consensus classified pancreatitis 
as severe only in those patients with a value > 8. When the 
Balthazar criteria are applied, most patients would be classified 
as suffering mild pancreattis. Fasting tume is also short, with a 
mean of 6 days (range 4-10 days). These data are against the 
diagnosis of severe pancreatitis. Only seldom does a patient 
with severe disease begin oral nutrition so quickly. I believe that 
many of these patients, in fact, suffered mild pancreatitis. In this 
type of patient, neither enteral nor parenteral nutritional 
support offers any advantage and, obviously, results do not 
favour enteral nutrition. Besides, comparing enteral nutrition 
against conventional management without parenteral nutrition 
is not methodologically correct if it is accepted that parenteral 
nutrition is the gold standard as nutritional treatment for 
patients with severe disease. 

Finally, although the authors’ intention was to evaluate 
immune response, a time course of only 4 days does not allow 
for a real measure of enteral nutrition effects. Moreover, 
tumour necrosis factor or interleukin-6 measurements have not 
shown a direct relationship with complication rate. Gianotti 
etal.’ previously showed that in patients with immuno- 
nutrition and cancer at least 10 days of enteral nutrition are 
necessary to observe an effect of nutritional therapy. 

A. Sanabria 
Department of Surgery 
Unversity of Antioquia 
Hospital San Vicente de Paul 
AA 1226 Postal 229 Ciudad Unrversitada 
Medellin 
Colombia 
1 Gianotti L, Braga M, Vignal A, Balzano G, Zerbi A, Bisagni P et al. 
Effect of route of delivery and formulation of postoperative 
nutritional support in patients undergoing major operations for 
malignant neoplasms. Arch Surg 1997; 132: 1222-30. 


Authors’ reply 

Sir 

Dr Sanabria is correct to point out that although all patients 
had predicted severe acute pancreatitis, 11 (41 per cent) were 
classified as mild according to Atlanta consensus conference 
criteria. Clearly, the aim of our trial was to include patients with 


728 British Journal of Surgery 2001, 88, 728-730 


predicted severe disease and the APACHE II score of 7 was 
taken as a cut-off expecting a predicted frequency of severe 
disease in excess of 40 per cent’. 

Dr Sanabria is incorrect, however, to state that from a 
methodological standpoint, enteral nutrition should have been 
compared to parenteral nutrition. In the UK, the majority of 
patients with severe acute pancreatitis do not commence 
parenteral nutrition on admission but have a variable period of 
fasting prior to being given nutritional support. Further, a 
potential methodological flaw inherent in comparing early 
enteral nutrition to parenteral nutrition is that infectious 
complications relating to feeding lines may introduce bias. 

Finally, the aim of the study was to examine the effect of early 
enteral nutrition on the early component of the inflammatory 
response. The demonstration of a lack of effect of treatment 
may be an indication that the component of the inflammatory 
process of acute pancreatitis that is driven by a combination of 
splanchnic hypoperfusion and/or endotoxin translocation may 
be less relevant in the early stages of the illness. 

J. J. Powell 
A. K. Siriwardena* 
Universtty Department of Surgical & Clinical Sciences 
Royal Infirmary of Edinburgh 
Edinburgh EH3 9YW 
"Department of Surgery 
Manchester Royal Infirmary 
Manchester M13 9WL 
UK 
1 Johnson CD, Kingsnorth AN, Imrie CW, McMahon MJ, 
Neoptolemos JP, McKay C et al Double blind, randomised, 
placebo controlled study of a platelet activating factor antagonist, 
lexipafant, ın the treatment and prevention of organ failure ın 
predicted severe acute pancreatitis. Gut 2001; 48: 62-9. 


Factors predictive of outcome after surgery for faecal 
incontinence (Br 7 Surg 2000; 87: 1316-30) 


Letter 1 

Sir 

I would like to comment on two pertinent missing points in this 
review. 

Firstly, a number of trials of overlapping sphincter repair 
were quoted with an average success rate of approximately 75 
per cent. It was noted by the authors that the series was 
heterogeneous with a short follow-up period. A report of the 
long-term results (55 patients, median follow-up 77 months, 
minimum 5 years) was published from our unit’ showing that 
the initial success rate of 76 per cent” fell away drastically with 
tume. After 5 years no patient was fully continent to flatus and 
less than 10 per cent were fully continent to solid and liquid 
stool. These disappointing long-term results must be included 
with the data when considering this operation. 

Secondly, no mention of treatment for internal sphincter 
dysfunction was made throughout the review. There are a 
number of studies** that show that injection treatment to 
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augment the internal anal sphincter function has a beneficial 
effect in patients with intractable passive incontinence who 
would otherwise be offered a colostomy. Patient selection is 
based on the finding of a low resting anal sphincter pressure, 
but a normal or high squeeze pressure, in patients with either 
intact or isolated defects of the internal anal sphincter on 
endoanal ultrasonography. The studies report a short-term 
improvement of continence in 74 per cent of patients. 
N. J. Kenefick 
St Mark’s Hospital 
Northwick Park 
Harrow HA1 3UF 
UK 

1 Malouf AJ, Norton CS, Engel AF, Nicholls RJ, Kamm MA. Long- 
term results of overlapping anterior anal-sphincter repair for 
obstetric trauma. Lancet 2000; 355: 260-5. 

2 Engel AF, Kamm MA, Sultan AH, Bartram CI, Nicholls RJ. 
Anterior anal sphincter repair in patients with obstetric trauma. Br F 
Surg 1994; 81: 1231-4. 

3 Kumar D, Benson MJ, Bland JE. Glutaraldehyde cross-linked 
collagen ın the treatment of faecal continence. Br 7 Surg 1998; 85: 
978-9. 

4 Shafik A. Polytetrafluorcethylene injection for the treatment of 
partial fecal incontinence. Int Surg 1993; 78: 159-61. 

5 Shafik A. Perianal injection of autologous fat for treatment of 
sphincteric incontinence. Dis Colon Rectum 1995; 38: 583-7. 


Letter 2 

Sir 

In this extensive description of preoperative assessment and 
prognostic factors the authors claim that there is no role for 
magnetic resonance imaging (MRI) because it has a much 
lower resolution than ultrasonography’. This is the case for 
conventional MRI using a whole-body receiver coil but it has 
been shown that the use of an endoanal coil enables the 
detection of anal sphincter defects and external anal sphincter 
atrophy*~*. Conventional endoanal ultrasonography is unable 
to demonstrate atrophy of the external anal sphincter due to its 
poor inherent contrast and the sensitive region of the endoanal 
MRI coil extends beyond the region normally visualized with 
endoanal ultrasonography. The endoanal MRI finding of 
external anal sphincter atrophy has been validated 
histologically’ and this predicts continence after 
sphincteroplasty: outcome is significantly better in those 
without external anal sphincter atrophy”. 

Endoanal MRI is the first imaging technique able to 
predict functional outcome after sphincter repair. It enables 
the detection of external sphincter atrophy directly rather 
than assuming atrophy by detection of pelvic floor 
denervation by electromyography or pudendal nerve 
terminal motor latencies. The authors advocate the inclusion 
of endoanal MRI in the preoperative work-up of patients 
with faecal incontinence because it helps in deciding on 
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surgical strategy and predicts outcome of surgery in 

individual patients. 

J. W. Briel 

D. D. E. Zimmerman 

W. R. Schouten 

Department of Colorectal Surgery 
University Hospital Dijkzigt 
3015 GD Rotterdam 

The Netherlands 
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et al. High resolution magnetic resonance imaging of the anal 
sphincter using an internal coil. Gut 1995; 37: 284-7. 

3 Hussain SM, Stoker J, Laméris JS. Anal sphincter complex 
endoanal MR imaging of normal anatomy. Radtology 1995; 197: 
671-7. 

4 Hussain SM, Stoker], Schouten WR, Hop WC, LaménisJS. Fistula 
m ano: endoanal sonography versus endoanal MR imaging in 
classification. Radiology 1996, 200: 475-81. 

5 BnelJW, Zimmerman DDE, Stoker J, Rociu E, Laméns JS, Moor 
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Int F Colorectal Dis 2000; 15: 87-90. 
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External anal sphincter atrophy on endoanal MRI adversely affects 
continence after sphincteroplasty. Br 7 Surg 1999; 86: 1322-7. 


Author’s reply 

Sir 

I appreciate both points raised by Mr Kenefick. The results of 
sphincter repair do indeed show significant decline with length 
of follow-up and size of series. As can be seen by our 
publications which were cited within the manuscript, our inital 
success rate’ declined in subsequent series” as was the case at St 
Mark’s Hospital. The issue of treatment for internal sphincter 
dysfunction is particularly vexing. While the work of Kumar 
and Shafik are both notable, the technique is yet to gain 
universal acceptance. Hopefully, additional studies will be 
forthcoming which will serve to critically assess the benefit of 
this method. 

I also appreciate the comments by Briel et al. The role of 
endoanal magnetic resonance imaging (MRI) is indeed 
increasing. Unfortunately, the cost and relative unavailability 
of this technique, as well as the fact that it needs to be 
performed by radiologists and radiology technicians rather 
than colorectal surgeons and their assistants, has limited its 
widespread adoption. If the points raised are confirmed by 
others, then perhaps their predictions will come to fruition. 
The fact that endoanal MRI can show sphincter atrophy and 
that sphincter atrophy, according to them, correlates with poor 
functional outcome, may be of use. However, the fact remains 
that like pudendal neuropathy, sphincter atrophy may only be a 
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predictor of outcome rather than a determining factor in 
selection of the type of therapy. If an anterior external anal 
sphincter defect is noted, the patient with sphincter atrophy 
would undoubtedly still undergo an overlapping repair. The 
atrophy might be used to predict outcome rather than to direct 
the type of therapy. We certainly hope that Briel et al. are 
correct as the more prognostic information we have 
preoperatively, the better we can inform patients of realistic 
expectations. 
S. D. Wexner 
Department of Colorectal Surgery 
Cleveland Clinic Florida 
300 West Cypress Creek Road 
Fort Lauderdale 
Florida 33309 
USA 
1 Wexner SD, Marchetti F, Jagelman DG. The role of 
sphincteroplasty for fecal incontinence reevaluated: a prospective 
physiologic and functional review. Dis Colon Rectum 1991; 34: 
22-30. 
2 Oliveira L, Pfeifer J, Wemer SD. Physiological and clinical 
outcome of anterior sphincteroplasty. Br 7 Surg 1996; 83: 502-5. 


Causes of re-recurrence after polytetrafluoroethylene 
patch saphenoplasty for recurrent varicose veins 
(Br F Surg 2000; 87: 1356-60) 
Sir 
One possible explanation for the claimed advantage of 
polytetrafluoroethylene patching is the more extensive 
dissection of the saphenofemoral junction that is required in 
this procedure. This may lead to a more complete ligation of all 
the tributaries in this region. Maybe the answer lies in ensuring 
complete technical success at initial surgery. On-table Doppler 
studies may provide the answer. Like the authors we agree that 
more prospective randomized trials are required to determine 
which surgical technique offers the lowest recurrence rate, if 
any at all. 
D. Maharaj 
V. Naraynsingh 
M. Ramdass 
Department of Surgery 
University of the West Indies 
General Hospital Port-of-Spain 
Trinidad 
West Indies 


Effect of colectomy on gastric emptying in idiopathic slow- 
transit constipation (Br 7 Surg 2000; 87: 1193-6) 

Sir 

I am surprised that this paper was submitted for publication 
without presenting a prospectively collected, age and sex- 
matched, control group for comparison. The authors state that 
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the normal range for gastric emptying taken from volunteer 
studies is 20-76 min. A prospective study from the same 
department’, however, showed that the mean(s.d.) gastric 
emptying time (t),2) in unselected women of similar age was 
89(22) min. Most of these controls had an emptying time 
greater than that which was stated to be the upper limit of 
normal, This error is understandable when an author tries to 
harvest some of the data retrospectively. Some of the patients in 
the present study therefore probably have normal gastric 
emptying, a fact that has been identified previously’. The 
current publication could be misleading and this might have 
been avoided if previously published work from the same 
department had been read thoroughly before being referred 
to. 


A. Macdonald 

Monklands Hospital NHS Trust 

Monkscourt Avenue 

Atrdrie ML6 OFS 

UK 

1 Macdonald A, Baxter JN, Bessent RG, Gray HW, Finlay IG. 

Gastric emptying in patients with constipation following 

childbirth and due to idiopathic slow transit. Br 7 Surg 1997; 84: 

1141-3. 


Authors’ reply 

Sir 

While we were aware of Mr Macdonald’s publication (our 
reference 11), we chose to use the normal range accepted by 
the Department of Nuclear Medicine at Glasgow Royal 
Infirmary. When corrected for decay of the radionucleide 
the normal range for gastric emptying is 20-100 min. This 
corresponds to 20-76 min for uncorrected counts: Mr 
Macdonald clearly failed to read our text where our use of 
uncorrected counts is clearly detailed (paragraph four of 
Patients and Methods). We were surprised at Mr 
Macdonald’s suggestions regarding controls. His entirely 
female control population would not represent our 
population of men and women. This, in addition to our use 
of uncorrected counts, explains the difference between his 
control group and our quoted normal range. Finally, we 
doubt whether we would be able to find, as he suggests, an 
age and sex-matched normal population prepared to 
undergo colectomy as controls for this study. 


Glasgow G31 2ER 
UK 
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Vascular Reconstructions: Anatomy, Exposures, and 
Techniques 


J. J. Hoballah 
285 X 219 mm. Pp. 393. Illustrated 2000 New York Sprnger. £65.00 


There are now several books dealing with the technical aspects 
of vascular surgery; these are necessary as ordinary textbooks of 
vascular surgery provide too little detail to be of much help in 
the operative situation. Previous authors have used various 
principles and ways of illustrating their points, and their efforts 
are, to a certain extent, complementary. The obvious question 
to ask when you see Jamal Hoballah’s Vascular Reconstructions: 
Anatomy, Exposures, and Techniques is ‘why another one?’. The 
author has a long experience from workshops in vascular 
techniques and what is typical of this book is its very detailed, 
very schematic, step-by-step illustrations (around 900). 
Alternative technical solutions are brought up. Vascular 
surgery requires dedication to detail and in this book the detail 
is dealt with by one illustrator (Sheri Pressler), which I believe is 
of benefit. The volume seems of value for vascular surgeons in 
training. What I do not like are the short comments about 
indications and results. Those belong to textbooks and cannot 
be left without discussion and analytical commentary. For 
instance, the table on 4-year patency after infrainguinal 
reconstructions does not reflect the huge variation in results 
and the complexity of the problem. Duplex surveillance is also 
mentioned superficially, and the indications given for inferior 
mesenteric artery reimplantation could be discussed at length. 
A book on techniques can stand alone; it does not need 
supporting text on matters outwith pure technical 
methodology. Having said this, I like the main parts of this 
volume where you can learn how to perform vascular surgery in 
the operating theatre. 
D. Bergqvist 
Department of Surgical Sciences 
Section of Surgery 
University Hosprtal 
SE 751 85 Uppsala 
Sweden 
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Schein’s Common Sense Emergency Abdominal Surgery 


M. Schein 
235 x 156mm Pp 382. Illustrated. 2000. Berlin Spnnger. £30 50 


This is a small book on emergency abdominal surgery aimed 
for ‘residents, thinking surgeons and even students’. The book 
has a soft back and unfortunately is too large to fit in the pocket 
of a white coat and so cannot be carried around easily. Each 
chapter starts with a quotation followed by the discussion of 
topics under subheadings. The first section, ‘Before operation’, 
includes a general discussion on the acute abdomen, how to 
optimize the patient for surgery, the use of preoperative 
antubiotics, and issues around consent and medicolegal 
considerations. The second section, “The operation’, has 
individual chapters on the various conditions that require 
emergency abdominal surgery. The final section, ‘After the 
operation’, covers routine postoperative care and 
complications including ileus versus intestinal obstruction, 
intra-abdominal abscesses, re-laparotomy and laparostomy for 
infection, and anastomotic leaks and fistulas. 

Most topics are covered adequately, but some of the 
statements in the book are controversial and would not be 
accepted practice in the UK. One of the main disadvantages of 
the book is that it is written in American colloquial language 
which may be enjoyed by some readers, but is likely to be 
irritating and tiresome to others. Abbreviations are used that 
are not standard in UK practice such as LIRS, SIRS, MODS, 
related to the inflammatory response and sepsis. Tables have 
been used sparingly, and there are very few figures and no 
pictures. There are better books on emergency abdominal 
surgery. 

5. Cheslyn-Curtis 

The Luton & Dunstable Hospital NHS Trust 
Lewsey Road 

Luton LU4 0DZ 

UK 
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The British Journal of Surgery is committed to practice of 
surgery based on scientific evidence. Each month we will 
publish a list of randomized trials and meta-analyses 
collated from English-language publications. A collec- 
tion of all these papers will be available in the Scientific 
Surgery Archive which will be held on the British Journal 


Bergh J, Wiklund T, Erikstein B, Lidbrink E, Lindman H, 
Malmström P etal. Tailored fluorouracil, epirubicin, and 
cyclophosphamide compared with marrow-supported high- 
dose chemotherapy as adjuvant treatment for high-risk breast 
cancer: a randomized trial. Lencet 2000; 356: 1384-91. 

Two different chemotherapy regimens were tested In 525 women 

At median follow-up of 34 months, there was a significant Increase in 
relapse rate after conventional over tallored chemotherapy (113 versus 81, 
P=0-04) 


Pelzer M, Hartmann B, Blome-Eberwem S, Raff T, Germann G. 
Effect of recombinant growth hormone on wound healing in 
severely burned adults. A placebo controlled double-blind 
phase II study. Chirurg 2000; 71: 1352-8. 

Forty-nine badly burned adults (approximately 40 per cent surface area) 
were included; 37 survived after treatment There was no positive effect on 
wound or donor site healing rates 


Hoibraaten E, Qvigstad E, Arnesen H, Larsen S, Wickstrom E, 
Sandset PM. Increased risk of recurrent venous thrombo- 
embolism during hormone replacement therapy — results of the 
randomized double-blind, placebo-controlled oestrogen in 
venous thromboembolism trial EVTET). Thromb Haemostas 
2000; 84: 961-7. 

Some 140 women with a history of DVT were randomly allocated HRT or 
placebo The study was halted prematurely as eight (11 per cent) of the 
women on HRT had a further DVT compared to only one in the control 
group 


Cafiero F, Gippom M, Peressini A, Bertoglio S, Lionetto R. 
Preliminary analysis of a randomized clinical trial of adjuvant 
postoperative RT versus postoperative RT plus 5-FU and 
levamisole in patients with TNM stage II-III resectable rectal 
cancer. J Surg Oncol 2000; 75: 80-8. 

Some 218 patients were studied. In the chemotherapy group, only 59 per 
cent completed treatment, there was one chemotherapy-retated death and 
severe toxicity was more common (P=0-03). There was no significant 
survival advantage from additional chemotherapy 


Gupta R, Patel K, Varshney S, Goddard J, Royle GT. A 
comparison of 5-day and 8-day drainage following mastectomy 
and axillary clearance. Eur 7 Surg Oncol 2001; 27: 26-30. 
Five-day was as safe as eight-day drainage in this study including 121 
patients, but twice as many patients required aspiration of a seroma after 
short drainage (31 versus 16, P=0-03) 


Kırton OC, O’Neill PA, Kestner M, Tortella BJ. Perioperative 
antibiotic use in high-risk penetrating hollow viscus injury: a 
prospective randomized, double-blind, placebo controlled trial 
of 24h versus 5 days. F Trauma 2000; 49- 822-32. 
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of Surgery website together with links to free Medline 
sites where the full papers can be accessed (see below for 
details). If you have published a recent randomized trial 
which has not been featured in Scientific Surgery, the 
Editors would be pleased to receive a reprint and 
consider its inclusion. 


There was no significant difference in the number of postoperative surgical 
site infections tn this tnal including 317 patients: 10 per cent after 5 days 
versus 8 per cent after 24h. 


Ho Y-H, Cheong W-K, Tsang C, Ho J, Eu K-W, Tang C-L etal 
Stapled haemorrhoidectomy — cost and effectiveness. 
Randomized controlled trial including incontinence scoring, 
anorectal manometry and endoanal ultrasound assessments at 
up to three months. Dis Colon Rectum 2000; 43: 1666-75. 

In this study of 119 operations, postoperative complication rates and 
hospital stay were similar Stapling reduced the severity of postoperative 
pan for up to 6 weeks, but was significantly more expensive. 


Egger B, Schmid SW, Naef M, Wildi S, Buchler M. Efficacy and 
safety of weight-adapted Nadroparin calcium versus heparin 
sodium 1n prevention of clinically evident thromboembolic 
complications ın 1190 general surgical patients. Dig Surg 2000; 
17: 602-9. 

Two low molecular weight hepann regimens were compared There were 
no significant differences in the number of bleeding complications or the 
DVT rate (two after nadropann versus none after hepann). 


Tjrchi M, Takayama T, Toyoda H, Sano K, Kubota K, Makuuchi 
M. Randomized trial of the usefulness of a bile leakage test 
during hepatic resection. Arch Surg 2000; 135: 1395-400. 

The bile leakage test was used to identify open hepatic radicles after hepatic 
resection In 103 patrents. Performance of the test and suture of any 
identified radicles had no effect on the rate of subsequent bile leakage — six 
per cent after test versus four per cent in controls 


Shah S, Brooker JC, Williams CB, Thapar C, Saunders BP. Effect 
of magnetic endoscope imaging on colonoscopy performance: a 
randomized controlled trial. Lancet 2000; 356: 1718-22. 
The two tnals included 113 colonoscopies done by tramees and 183 done 
by a consultant The magnetic endoscope reduced the intubation tme and 
Improved the completion rate, particularly for trainees. 


The British Journal of Surgery website can be found at 
www.bjs.co.uk. In addition to details of current and previous 
articles featured in Scientific Surgery, the website contains 
details of the Editorial Team and Board, instructions 
to prospective authors, links to other sites (such as 
The Cochrane Library) and forthcoming surgical events. 
The Editors welcome comments and suggestions about 
the website, either in writing or through the website 
address. 


©2001 Blackwell Science Ltd 


SRS abstracts 


Surgical Research Society abstracts 





The following abstracts were presented to the 92nd 
meeting of the Surgical Research Society. The 
meeting was organized by the Academic Department 
of Surgery in Cork, Ireland, on 19-20 October 2000. 


Ischaemic preconditioning protects against systemic 
inflammation and acute lung injury in lower limb 
ischaemia—reperfusion 


D. W. Harkin, A. A. B. Barros D’Sa*, K. McCallion, 

M. Hoper, M. I. Halliday and F. C. Campbell 

“Vascular Surgical Unit, Royal Victoria Hospital and 
Department of Surgery, Queen’s University of Belfast, Belfast, 
UK 

Background: Ischaemic preconditioning (PC) of skeletal 
muscle, by exposure to repeated brief periods of ischaemia- 
reperfusion (I-R) before a longer ischaemic period, protects 
against local I-R injury. In a large animal model it was 
hypothesized that IPC would attenuate the systemic inflam- 
matory response syndrome and acute lung injury associated 
with limb I-R injury. 

Methods: Anaesthetized ventilated swine (six per group) 
underwent midline laparotomy and were randomized to either: 
(1) bilateral external iliac artery occlusion (120 min) followed 
by reperfusion (180 min) (I-R group); (2) IPC (three cycles of 
5 min ischaemia, then 5 min reperfusion of both external iliac 
arteries) followed by I-R (as above) (I-R+IPC group); or (3) 
laparotomy alone (control group). At the end of the reperfusion 
period plasma tumour necrosis factor (TNF) o and interleukin 
(IL) 6 levels were measured as markers of systemic inflamma- 
tion, Acute lung injury was assessed by arterial-alveolar oxygen 
(A-a) gradient and lung tissue myeloperoxidase (MPO). 
Results: 














“Group “TNF-a (pomi)! IL-6 (pomi) MPO (unitsg')". -A-a gradientt 










6) 382 (367-6689) 75 (09-86) — 2837707) 
106-6): 1205 (833-2073)§ 33:8 (15:7-52-7)§ 476-6(76-8)t? 
0-33-5)9 ~ 182 (82-417)9 19-9 (16-8-20-7)"* 359-2(43-5)35 


Data represent endpoint values (t= 270 min): *median (interquartile 
range) or tmean(s.e.m.). $P< 0-05, §P< 0-01 versus control group, 
qP<0-01, *P<0-05 versus I-R group (Mann-Whitney U test); 
+4P<0-05 versus control group, $4P< 0-05 versus L-R group 
(Student's 7 test) 


Conclusion: Lower limb I-R induces systemic inflammation 
and acute lung injury with impaired oxygen transport, 
associated with lung neutrophil sequestration. IPC prevents 
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Eighty-eight abstracts were presented during the 
scientific sessions. The Patey prize was awarded to 
A. J. Hayes for a paper entitled ‘Expression and 
function of angiopoietin 1 in breast cancer’. 





the systemic production of TNF-a and IL-6, and attenuates 
acute lung injury in planned lower limb I-R. 


By attenuating the systemic inflammatory response, 
adenosine pretreatment ameliorates endotoxin-induced 
multiorgan dysfunction 


K. McCallion, D. W. Harkin, M. Hoper, B. C. Schock*, 

I. Young*, M. I. Halliday and K. R. Gardiner 

Departments of Surgery and “Clinical Biochemistry, Queen's 
University, Belfast, UK 


Background: Sepsis induces a systemic inflammatory resp 
(SIR) leading to inflammatory-mediated tissue injur 
organ dysfunction. It was hypothesized that adenosine would 
ameliorate endotoxin-induced multiorgan dysfunction bv 
attenuating the SIR. 

Methods: With Home Office approval, anaesthetized awine 
underwent a laparotomy and insertion of a sigmoid tono d 
The control group (7 = 7) received no further insult. Remai 
animals (7 = 14) received Escherichia col? endotoxin G0 ug} 
with or without adenosine pretreatment (200 ug k 
time (J) =—60 to + 60 min, then 100 ug ke” min i}. Bi 
taken for blood gas analysis and determination of € lum 
nescent phagocyte respiratory burst priming. Interleukin (1) 1 
and IL-6 were assayed by bioassay and enzvme-linke 
immunosorbent assay respectively. Alveolar~arterial 
gradient (increased with impaired oxygen transport) 
sigmoid pH were recorded as markers of organ injury. At 
T= 240 min, bronchoalveolar lavage fluid was obtair 
analysed by high-performance liquid chromatography 
ascorbate, an antioxidant that is consumed by reaction with 
free radicals. 


































Results: 
Ab Le oe 
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Values are median (interquartile range), *P<0-05 verus lix 
charide (LPS), FP< 0.05, {P = 0-09 versus control Alann- 
T, time in minutes 
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Conclusion: Endotoxin-induced pulmonary and intestinal in- 
jury is associated with a cytokine cascade, phagocyte priming 
and free radical release. Adenosine pretreatment attenuates this 
SIR and ameliorates multiorgan dysfunction. 


Effect of the nitric oxide—aspirin adduct NCX4016 on 
neointimal hyperplasia in a model of saphenous vein 
bypass grafting 


R. A. Bulbulia*, F. C. T. Smith*, S. Won, A. Yim, 

P. M. Lamont", R. N. Baird’, G. D. Angelini and 

J. Y. Jeremy 

“Vascular Studies Unit and Bristol Heart Institute, Bristol Royal 
Infirmary, Bristol, UK 

Background: The long-term success of saphenous vein bypass 
grafting is limited by neointimal hyperplasia (NIH) and no 
pharmacological intervention has yet proved successful in 
preventing late vein graft failure in humans. Nitric oxide- 
aspirin (NO-ASA) adducts consist of aspirin (acetylsalicylic 
acid) and a nitric oxide-donating moiety. The latter is known to 
prevent platelet and leucocyte adhesion, to inhibit vascular 
smooth muscle cells (VSMCs) and to promote vein graft 
relaxation im vitro. 

Methods: Bilateral saphenous vein—carotid artery interposition 
grafting was performed in two groups of Large White pigs 
(25-31 kg; 2=6 per group); the NO-ASA adduct NCX4016 
(60 mg kg”! day!) was administered orally to one group and 
placebo to the control group. After 4 weeks the grafts were 
explanted and pressure-fixed, and morphometric analysis was 
performed on representative histological sections by means of 
computer-aided planimetry. 

Results: There was a marked reduction in NIH in animals 
treated with NCX4016 compared with untreated controls 
(mean(s.e.m.) neointimal thickness 0-09(0-002 mm) treated 
versus 0-17(0-01) mm control; P< 0-001, paired z test). There 
was no significant difference in medial thickening or luminal 
area between the two groups. 

Conclusion: The NO-ASA adduct NCX4016_ significantly 
reduces neointimal hyperplasia in a porcine model of 
saphenous vein bypass grafting. This effect, combined with 
the known antithrombotic properties of aspirin, suggests that 
this novel drug may have a valuable role in the prevention of 
both early and late vein graft failure. 


Lipopolysaccharide binding protein depletion predicts 
organ dysfunction following visceral 
ischaemia-reperfusion in humans 


M. J. Brooks and N. J. Cheshire 

Regional Vascular Unit and Academic Surgical Unit, St Mary’s 
Hospital and Imperial College Medical School, London, UK 
Background: Lipopolysaccharide binding protein (LBP) is 
important in the systemic response to endotoxin, and high 
plasma levels are protective in animal experiments. This study 


British Journal of Surgery 2001, 88, 733-766 www. bjs.co.uk 


investigated the role of LBP in the development of multiple 
organ dysfunction (MOD) following visceral ischaemia and 
reperfusion in humans. 

Methods: Arterial blood was collected from 25 consecutive 
patients undergoing thoracoabdominal aortic aneurysm repair 
(Crawford stage I, five; stage II, three; stage ITI, six; stage IV, 
11; mean age 64 (range 20-79) years; 18 men, seven women). 
Levels of LBP and C-reactive protein (CRP), as control, were 
measured by enzyme-linked immunosorbent assay. Free 
plasma endotoxin concentration was determined by chromo- 
genic limulus amoebocyte lysate assay. MOD was defined 
prospectively as failure of two or more organ systems. 
Results: Six patients developed organ dysfunction. Their 
MOD score on day 1 after operation was 19, compared with 
10 in patients making an uncomplicated recovery (P = 0-007, 
Mann-Whitney U test). Five patients died. 





Values are mean(s.e.mn.), *P = 0-006, +P = 0-025 versus uncomplicated value 
(Student's unpaired z test); $P< 0-001 versus preoperative value (paired ¢ 
test) 


CRP did not differ significantly between the two groups at any 
time point (data not shown). 

Conclusion: Significant systemic endotoxin levels were 
observed, although LBP depletion rather than endotoxin 
predicted subsequent organ dysfunction. LBP depletion may 
be therapeutically important during visceral ischaemia—reper- 
fusion in humans. 


Probiotic therapy reduces disease activity in patients 
with ulcerative colitis 


R. J. Kennedy, S. J. Kirk and K. R. Gardiner 

Department of Surgery, Institute of Clinical Science, Queen’s 
University of Belfast, Belfast, UK 

Background: Patients with ulcerative colitis (UC) have a 
disturbed bacterial flora compared with controls, and several 
studies have reported a reduction in symptoms by increasing 
the number of protective colonic bacteria. The effect of 
Lactobacillus plantarum 299 (LP299) on disease activity in 
patients with UC was investigated. 

Methods: Patients recovering from a clinical relapse were 
randomized into a double-blind controlled trial. Patients drank 
either 10!° colony-forming units of LP299 in an oat fibre (OF) 
suspension for 3 months or OF alone (control), and were 
assessed monthly for 6months. Changes in haematology, 
biochemistry and Cooke-Prior score were assessed by t tests, 
and the Mann-Whitney U test was used for clinical outcome, 
Truelove-Witts category and changes in medication. 
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Results: 





Values are mean(s.e.m.). ESR, erythrocyte sedimentation rate. *P< 0-05 
versus control (months 3-6); +P <0-05 versus LP299 + OF (month 0) 


No differences were observed in haematocrit, haemoglobin, 
albumin and C-reactive protein levels, Truelove-Witts cate- 
gory, clinical outcome or dosage of any maintenance therapy. 
Conclusion: LP299 reduces disease activity in patients with 
UC as indicated by a reduction in an acute-phase protein, ESR 
and Cooke-~Prior scores. This finding suggests that LP299 is 
useful as maintenance therapy for patients with UC 


Logistic regression model for carotid endarterectomy 


G. Kuhan, E. D. Gardiner’, A. F. Abidia, I. Chetter, 

P. Renwick, B. F. Johnson, A. R. Wilkinson and 

P. T. McCollum 

Department of Vascular Surgery, Hull Royal Infirmary and 
“Department of Applied Statistics, University of Hull, Hull, UK 


Background: A 30-day stroke or death rate of 3—10 per cent has 
been reported in patients undergoing carotid endarterectomy 
(CEA). The aim of this study was to identify the risk factors that 
influence the outcome and to develop a logistic regression 
model that can aid in the comparative audit of CEA. 

Methods: Some 839 CEAs performed by four vascular sur- 
geons between 1992 and 1999 were analysed. The median age 
of the population was 69 (range 38-86)years and the 
male : female ratio was 1:6. Multiple logistic regression was 
used to model the effect of 67 possible risk factors (46 
preoperative and 21 operative) on the 30-day stroke or death 
rate. The model was initially trained on 604 CEAs and further 
exposed to 235 CEAs to produce the final version. Observed 
and predicted outcomes for surgeons and two vascular units 
were compared with this model. 

Results: The overall 30-day stroke and death rate was 3-9 per 
cent (33 of 839). Regression modelling identified heart disease, 
diabetes and stroke at presentation as significant risk factors. 





y stroke or death rate 


Values in parentheses are confidence intervals 


Observed : predicted outcome ratios varied between individual 
surgeons, from 0-75 to 1-25, and for the two units were 1-06 and 
1-16. 
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Conclusion: Multiple regression models can successfully iden- 
tify patients at high risk from CEA and a 
audit of surgeons and vascular units. 


id in the comparative 


BRCA2 gene mutations in a Scottish male breast 
cancer population 


I. E. Young, K. E. Andrews, M. A. F. MacKenzie, 

K. M. Kurian, G. R. Kerr, I. H. Kunkler, B. B. Cohen, 

A. Fordyce and C. M. Steel 

Cancer Research Campaign Laboratories, Molecular Medicine 
Centre, Western General Hospital, Edinburgh, UK 


Background: Male breast cancer is a rare disease thar has 
previously been linked to BRC42 gene mutations in some cases, 
The aims of this study were to construct family pedigree 
identify mutations in BRCA2 and to correlate these with 
clinical data in a series of men with breast 
south-east Scotland between 1974 and 1998. 

Methods: DNA samples were available from 64 patie 
Family pedigrees were constructed by an experienced 
ogist. The samples were screened for mutations in the B 
gene by use of polymerase chain reaction, hevertiduples x 
analysis, protein truncation testing and sequencing. Clinical 
data for the patients were collected from case records 

Results: Germline BRCA2 mutations were identified in 
per cent) of the 64 men with breast cancer, six of whom had a 
family history of female breast cancer. Sixty-cwo per cent of the 
men tested carried a polymorphism in exon 2 of ARCA, 
compared with 45 per cent of controls (y =4-38, 
P=0-027). There were no statistically Geriieonk differences 
between men carrying the BRCA2 mutation and those foun 
be negative for mutations in terms of age ar dis 
histological type, disease stage at presentation or sures 
Conclusion: The frequency of BRCA? mutations in men with 
breast cancer from south-east Scotland is higher than that 
reported previously from the UK (7 per cent) or US: i (4 
cent). This is the first study to demonstrate a 
association between a polymorphism in exon 2 of BRCA? 
male breast cancer. The exon 2 polymorphism may be in 
linkage disequilibrium with a mutation in BRCA2 or it may i 
some way alter the transcription of the BRCA2 gene. T} 
interesting area that the authors intend to explore further 
because it may provide more insightinto how BRC 2 is involved 
with the development of male and female breast cancer 
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Exposure to pneumoperitoneum induces tumour 
invasiveness via upregulation of the urokinase 
plasminogen activator system 


T. Jones, P. Paraskeva, D. Peck and A. Darzi 
Academic Surgical Unit, Imperial College School of Medicine, 
St Mary’s Hospital, London, UK 


Background: The urokinase plasminogen (uPA) 
system is implicated in tumour metastasis. Exposure to the 





carbon dioxide pneumoperitoneum used in laparoscopic 
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surgery can increase postoperative tumour growth. The effects 
of pneumoperitoneum on the uPA system were examined and 
correlated to tumour invasiveness. 

Methods: Colonic (SW1222) adenocarcinoma cell lines were 
exposed to an #7 vitro pneumoperitoneum of carbon dioxide or 
helium at 3mmHg, or left in normal growth conditions 
(control), After 4h exposure the ability of the cells to invade 
through an 8-0-um Transwell filter coated with Matrigel ™ 
(Becton Dickinson, Franklin Lakes, NJ, USA) was analysed by 
colorimetric methane thiosulphonate assay. This ability was 
correlated to uPA activity as determined by casein zymography 
and addition of anti-uPA receptor blocking antibody (Ab). 
Results: 


Ce Invasion + Zymographic 
Invasion : anti-uPA Ab uPA activity 
Carbon dioxide ——  208(0-8)* 1230-4) 264(16)* 
Helium 162(0-6)* 105(2:6)+  496(11)* 


Values are expressed as mean percentage of control. *P< 0-01 versus 
control, +P<0-01 invasion versus invasion + anti-uPA Ab 
(Tukey-Kramer test) 


Conclusion: Exposure of colonic adenocarcinoma to either a 
carbon dioxide or helium pneumoperitoneum causes increase 
cell invasiveness, which in part seems to be mediated through 
the uPA system. A clear enhancement of uPA activity is 
observed and use of a blocking antibody to the uPA receptor 
reduces observed invasive capacity. 


Effects of interferon yand lipopolysaccharide on an in 
vitro model of enterocyte barrier function 


J. S. White, G. Noel, X. L. Guo, M. Hoper, C. Ogle and 
J. W. Alexander 

Department of Surgery, Queen’s University of Belfast, Belfast, 
UK and Departments of Surgery and Transplantation, 
University of Cincinnati, Cincinnati, Obio, USA 

Background: The mechanisms that modulate the barrier 
function of the intestine are still largely unknown. This short 
study investigated the effects of basal exposure to interferon 
(IFN) y (a product of the mucosal immune system) and apical 
exposure to lipopolysaccharide (LPS; a component of most 
enteric bacteria) in an i vitro model of the gut barrier. 
Methods: Confluent polarized monolayers of caco-2 entero- 
cytes were exposed to IFN (basal side; 1000 units ml!) or LPS 
(apical side; 10 ug ml"!) for 8 days. Six control and six treatment 
cell systems were used in each case. Monolayer permeability to 
horseradish peroxidase (HRP; molecular weight 44kDa) and 
fluorescent latex microspheres (1-5 um in diameter) was then 
measured over +h. These microspheres were chosen because 
they are approximately the same size as enteric bacteria. 
Transepithelial electrical resistance (TEER) was also measured 
after each experiment. 
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Results: Monolayers treated with IFN had a significantly 
higher permeability to both HRP (median 70.3 versus 
6-9ngml'h7!; P<0-001, Mann-Whitney U test) and fluor- 
escent microspheres (2.3 x 10° versus 625h7'; P<0-01). 
Monolayers treated with LPS showed a significant rise only 
in HRP permeability (median 37-1 versus 69ngml'he!; 
P<0-001). Exposure to both LPS and IFN was associated with 
a significant fall in TEER. 

Conclusion: These results suggest that both LPS and IFN can 
increase mucosal permeability to small molecules such as 
HRP. IFN is much more effective than LPS at increasing the 
transport of larger particles such as latex microspheres and may 
be involved in potentiating the translocation of bacteria across 
the gut barrier. These findings may be of importance in 
elucidating the mucosal events that lead to gut barrier failure. 


The ‘gut-liver’ axis does not drive the systemic 
inflammatory response after administration of 
Escherichia coli endotoxin 


K. McCallion, D. W. Harkin, M. Hoper, M. I. Halliday and 
K. R. Gardiner 

Department of Surgery, Queen’s University, Belfast, UK 
Background: Alterations in intestinal permeability are thought 
to drive the systemic inflammatory response (SIR), causing 
progressive organ failure even after the primary insult has 
resolved. The aim of this study was to test this hypothesis 
following endotoxin infusion in swine. 


TNF Lp 








(pami?) (pgm) 
T=. T=240 
Endotoxin © Org AS Ea 
Systemic. 972.2. BBB 5 
(610-2- (625- 
4127-0)" 1519) 190-0 
Portal 662-9 88-5 28 
(450-34 (78: 1= 
4228-0)" 206-5). 26 
Hepatic 269 115 
(401-6-  (83-4— 
4098-0)" 116:1) 21 
Control 20-0 68 
(20-0- (435 
29:8) 122-2) 


Values are median (interquartile range). *P <0-05 versus control. T, time in 
minutes 


Methods: With Home Office approval, anaesthetized swine 
underwent a laparotomy and insertion of cannulas into the left 
carotid artery (systemic sample), portal vein and hepatic vein. 
Animals (7=14) were randomized to receive Hartmann 
solution with or without Escherichia coli endotoxin (50 pg kg"). 
Blood from all three compartments was sampled for determin- 
ation of whole blood chemiluminescent phagocyte respiratory 
burst priming. Plasma levels of umour necrosis factor (TNF) a 
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and interleukin (IL) 6 were measured by bioassay. IL-1B, IL-8 
and IL-10 were assayed by enzyme-linked immunosorbent 
assay. 

Results: Intercompartmental and intergroup analyses were 
carried out with Friedman and Mann-Whitney U tests 
respectively. There was no evidence of selective cytokine 
production or phagocyte activation by the gut or liver. 
Conclusion: There is no evidence of the ‘gut-liver’ axis driving 
the SIR following endotoxin infusion in swine. 


Bacterial wall products attenuate wound healing by 
direct effects on endothelial cell vascular endothelial 
growth factor receptors and vascular endothelial 
growth factor-directed angiogenesis 


C. Power, J. Wang, S. Sookhai, J. Street, M. O’Sullivan and 
H. P. Redmond 

Department of Academic Surgery, Cork University Hospital, 
Cork, Ireland 


Background: Delayed surgical wound healing due to localized 
or systemic infection is well recognized and, despite much 
attention, the mechanisms underlying this phenomenon are 
poorly understood. The effects of lipopolysaccharide (LPS) 
and bacterial lipoprotein (BLP) on vascular endothelial growth 
factor (VEGF) receptor expression on endothelial cells (ECs) 
and subsequent VEGF-directed EC proliferation were in- 
vestigated in an in vitro study of wound healing. 

Methods: Human umbilical vein ECs were exposed to LPS or 
BLP in both normoxia and hypoxia (2-5 per cent oxygen). 
VEGF receptor expression was assessed by mean channel 
fluorescence (MCF) on flow cytometry. Proliferation of LPS- 
and BLP-treated ECs in response to VEGF was measured by 
the incorporation of bromodeoxyuridine. 


Results: LPS and BLP caused a significant downregulation of 


EC VEGF receptors in both normoxic and hypoxic (not 
shown) conditions and attenuated VEGF-directed EC pro- 
liferation. 













< 106(82) - 
0617)" 
1 6150 :: 


Values are mean(s.e.m.). *P<0-01 versus control (analysis of variance) 
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Of note, LPS and BLP did not affect normal prolif 
apoptosis or viability in control ECs, nor did they induce ce 
death. 

Conclusion: This study has demonstrated that LPS and BLP 
are capable of downregulating VEGF receptors on ECs and of 
inhibiting VEGF-mediated proliferation. This is proposed as: 
putative mechanism by whieh bacterial infection attenuates the 
normal angiogenesis that occurs during the proliferative phase 
of tissue repair, thus delaying surgical wound healing. 










Elucidation of signal transduction pathways in bacterial 
lipoprotein tolerance 


M. Doyle, J. H. Wang and H. P. Redmond 
Department of Academic Surgery, National Uni 
Ireland, University College Cork, Cork University } 
Cork, Ireland 


Background: Endotoxin (lipopolysaccharide, | 





ospital, 


-PS tolerance js 


characterized by a diminished production of proinflammatory 
cytokines and ee ee of ae signal ee 





yates den. in n HE bý another tabigui- 
tous bacterial wall product, bacterial lipoprotein (BLP), were 
investigated. 

Methods: Murine macrophages were pretreated with BLP or 
LPS (10ngml"') for 24h and further stimulated + 
doses of LPS, BLP or LPS+BLP (-1-lpgml'). Tun 
necrosis factor (TNF) a, interleukin (L) 6, p28 kinase and! 
KB were determined by immunosorbent assay, Western 
immunoblotting and gel shift assay respectively. 
experiments, instead of inducing tolerance, NF- KB, p38 and 
ERK were inhibited, and TNF-a and IL-6 were assayed 
before, Analysis of variance was used for statistical analysis. 
Results: 
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Values are mean(s.e.m.). *P < 0-05 versus no tolerance (analysis of variance) 
BLP- and LPS-tolerized macrophages resulted in significantly 


activation. Proinflammatory cytokine production was als 
reduced after inhibition of the signal transduction media 

Conclusion: BLP tolerance occurs through suppression of p 
ERK and NF-kB. Further elucidation of the sig 








yal transduc- 
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tion pathways involved in tolerance induction by bacterial wall 
products may result in the development of more tailored 
therapies in the treatment and prevention of polymicrobial 
sepsis. 


Bacterial lipoprotein induces endotoxin-independent 
tolerance to septic shock 


M. Doyle, J. H. Wang, D. Walsh and H. P. Redmond 


Department of Academic Surgery, National University of 


Ireland, University College Cork, Cork University Hospital, 
Cork, Ireland 


Background: Endotoxin (lipopolysaccharide; LPS) tolerance 
protects against a lethal LPS challenge but offers no protection 
against polymicrobial sepsis. The role of bacterial lipoprotein 
(BLP), another ubiquitous bacterial wall product in tolerance 
induction, has not been investigated. It was hypothesized that 
pretreatment with BLP would induce tolerance against its own 
lethal effects and might also protect against polymicrobial 
sepsis. 

Methods: Male MF-1 mice were randomized into three groups. 
Groups | and 2 received BLP- and LPS-tolerizing doses by 
intraperitoneal injection (10mg kg!) respectively. After 
induction of tolerance, all mice were challenged with high 
doses of LPS or BLP (45 mgkg™! intraperitoneally) or a 
combination of LPS and BLP (30 +30 mg kg"! intraperitone- 
ally) or Staphylococcus aureus and Salmonella (respectively 
5x10" and 5 x 10% colony-forming units (c.fu.) per kg 
intravenously). Group 3 received only high doses of the above 
agents. Mortality was assessed over 72h. Serum tumour 
necrosis factor and interleukin 6 levels were also determined. 
Statistical analysis for animal survival was performed with the 
log rank test. Analysis of variance was used for cytokine 
analysis. 


Results: 









ality rate (6) 
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Induction of tolerance to BLP, but not that to LPS, protects 
against BLP, BLP +LPS lethality, and polymicrobial sepsis. 
Proinflammatory cytokine production was significantly atte- 
nuated in tolerized mice. 

Conclusion: Induction of tolerance to BLP protects against the 
lethal effects of BLP and endotoxin, producing a cross- 
tolerance that is not observed following the induction of 
tolerance to endotoxin. Furthermore, this study demonstrates 
for the first time that tolerance to BLP also protects against 
polymicro ial sepsis. 


Optimization of the local environment to prevent wound 
infection in clean wound surgery 


B. Ali, A. Melling and D. J. Leaper 

Professorial Unit of Surgery, North Tees General Hospital, 
Stockton-on-Tees, UK 

Background: Following anxiety, a cold environment and 
preoperative starvation, patients may have peripheral shut- 
down which predisposes to wound infection in clean wound 
surgery by decreasing blood flow and oxygenation. 

Methods: In this prospective controlled clinical study, patients 
undergoing clean surgery (principally breast, hernia and 
varicose veins) were randomized into three groups. One group 
received standard care, another was warmed locally by means of 
the Warm-up” device (Augustine Medical, Eden Prairie, MN, 
USA) and the third group was warmed systemically with the 
Bair-Hugger® (Augustine Medical, Eden Prairie, MN, USA). 
Warming was delivered for 30-60 min immediately before 
operation. Measurements included local skin and core tem- 
perature, capillary flow using laser Doppler flowmetry and 
transcutaneous oxygen both before and after warming and 
following surgery. Postoperative evaluations were performed 
by a blinded observer for 6 weeks using a diary and scoring 
system. 

Results: Three hundred patients were recruited, of whom 111 
(37 per cent) had a hernia, 123 (41 per cent) had breast surgery 
and 66 (22 per cent) had varicose vein surgery. Two hundred 
and sixty-one patients (87 per cent) were operated on in the 
day-case unit and 39 (13 per cent) in the main theatre. Ninety- 
one per cent had starved for 5-14h before operation. The 
wound infection rate was 16 per cent (16 of 102) in the standard 
group, 2 per cent (two of 101) in the Warm-up group and 5 per 
cent (five of 97) in the group warmed with the Bair-Hugger. Ina 
cohort of 98 patients who had laser Doppler flowmetry, the 
blood flow in the Warm-up group increased significantly 
compared with that in the standard group (P < 0-004, Wilcoxon 
test), but there was no difference in the Bair-Hugger group 
(P < 0-42, Wilcoxon test). This effect may be due to sweating in 
the latter group. The local temperature significantly increased 
in both the Warm-up (P<0-001) and the Bair-Hugger 
(P < 0-003) group. 

Conclusion: Warmed patients have significantly higher local 
blood flow and temperature, and a lower incidence of 
postoperative wound infection. 
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Quantification of intragraft expression of granzyme B 
and perforin in acute renal allograft rejection 


G. Morris-Stiff, R. Khanna, M. Bukilica, A. Janezic and 
W. A. Jurewicz 

Welsh Transplantation Research Group, Department of Surgery, 
University of Wales College of Medicine, Cardiff, UK 


Background: Both granzyme and perforin have been impli- 
cated in the T-cell activation that characterizes acute renal 
allograft rejection, although existing literature on the utility of 
intragraft expression of these markers in the diagnosis of 
rejection is conflicting. The aim of this study was to investigate 
the role of real-time quantitative reverse transcription- 
polymerase chain reaction (RT-PCR) in determining expres- 
sion of perforin and granzyme B in allograft biopsies and to 
investigate their relationship with the current ‘gold standard’ of 
histologically confirmed rejection. 

Methods: Ultrasonographically guided renal allograft biopsies 
were obtained in 37 transplant recipients at the time of acute 
deterioration in renal function. Two cores of tissue were 
obtained in each case, one for histclogical assessment (Banff 
criteria) and one for messenger RNA (mRNA) extraction, 
reverse transcription to complementary DNA (cDNA) and 
subjection to quantitative PCR to determine perforin and 
granzyme expression. 

Results: Copy numbers for perforin and granzyme B varied 
from 0 to 70.000 copies of CDNA per 25 ng mRNA. 





Values are percentages 


Conclusion: T-cell activation, as evidenced by granzyme B and 
perforin expression, was evident in the majority of acute 
rejection episodes and in a high proportion of borderline 
rejection cases. However, quantification of these markers did 
not correlate with histologically assessed severity of rejection. 


Unsuspected acute rejection is associated with 
upregulation of transforming growth factor B, 
messenger RNA expression 


G. J. Morris-Stiff, G. Jones, A. Janezic, M. Bukilica, 

R. Khana, K. Baboolal and W. A. Jurewicz 

Welsh Transplantation Research Group, Department of Surgery, 
University of Wales College of Medicine, Cardiff, UK 
Background: Modern immunosuppressive agents have signifi- 
cantly reduced the frequency of clinical acute rejection 
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episodes, but the chronic graft nephropathy rate | 
unaltered, leading to the hypothesis that there is a s 
incidence of subclinical rejection stimulating the 
process. The aim of this study was to determine the in 
of clinical and subclinical acute rejection by mi 
biopsy and to analyse transforming growth factor (TGE) Bi 
messenger RNA (mRNA) expression in these biopsies using a 
novel real-time quantitative polymerase chain reaction (PER) 
system. 

Methods: Clinical acute rejection episodes were confirmed by 
biopsy and treated appropriately. Protocol renal biopsies were 
performed at baseline (time of transplant) and at 3, 6 and 
12 months’ follow-up. Rejection identified in the protocol 
biopsies was not treated. Following extraction and reverse 
transcription, TGF-B; mRNA expression in the l 
biopsies was quantified with a Ligbteycler™ 
Technology, Salt Lake City, UT, USA) real-time PCR $ 
Results: At the time of analysis 46 patients had un 
complete follow-up to 12 months, Twenty-three (50 
suffered no acute rejection episodes, 13 (28 per 
treated for acute rejection and ten (22 per cent) had subelini 
rejection. TGF-8,; mRNA expression is shown below as 1 
copies per microlitre of RNA with values expressed as 
mean(s.d.). 



















Values are mean(s.d.}. *P < 0-05 versus subclinical rejection Su 





Conclusion: A high incidence of subclinical 
identified; TGF-B, expression was found to be ¢ 
group. The identification of TGF-B, upregulacic : 
protocol biopsies may present a marker for the subsequent 
development of chronic graft nephropathy and allow a window 
for therapeutic intervention. 







Comparison of patients randomized to tacrolimus- or 
cyclosporin-based immunosuppression and the 
relative roles of attack, defence, repair and regeneration 
in the post-transplant environment 


G. Morris-Stiff, W. Jiang*, S. Smitht, D. Oleesky’, 
J. Giddings#, A. Janezic, I. Quiroga, R. Khanna and 
W. A. Jurewicz 

Welsh Renal Transplant Unit and “Department of 
University of Wales College of Medicine and De; 
* Biochemistry and tHaematology, University Hospital 
Cardiff, UK 

Background: The aim of this study was to den 
relative roles of defence, repair and regeneration 
that naturally counterbalance the immune da 
allograft rejection, and to compare any differen 
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between patients receiving cyclosporin and those prescribed 
tacrolimus-based immunosuppression. 

Methods: Plasma levels of von Willebrand factor (vWF), 
selenium, transforming growth factor (TGF) Bı and hepato- 
cyte growth factor (HGF) were determined in 40 primary 
cadaveric renal transplant recipients receiving calcineurin 
inhibitor-based immunosuppression (cyclosporin, 7 =40; ta- 
crolimus, 7 = 40). 

Results: Values are presented as medians. 


Selenium 
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*P<0-05 versus baseline, tP<0-05 versus cyclosporin 


Plasma vWF levels remained raised following transplantation. 
The antioxidant deficiencies of end-stage renal failure normal- 
ized, as did the increased HGF levels. TGF-B, production 
increased slowly over the first transplant year in both groups. 

Conclusion: Further studies are ongoing to examine the 
relative influence of the defence, repair and regeneration 
mechanisms on both graft function and the development of 
chronic graft nephropathy. 


Dietary fat and cellular growth control mechanisms in 
prostatic cancer 


S. S. Pandian, S. McClinton*, K. W. J. Wahlet, 

C. Bestwick+, L. Milnet and S. D. Heys 

Departments of Surgery and "Urology, University of Aberdeen 
and The Rowett Research Institute, Aberdeen, UK 


Background: Diacy! glycerol, which has a raised concentration 
in malignant prostatic tissue, is considered to be a tumour 
promoter acting via the protein kinase C (PKC) signalling 
pathway, involved in cell proliferation and apoptosis. Whether 
fatty acids (FAs), which are known to modulate prostatic cancer 
cell proliferation iv vitro, have an effect on PKC activity and 
PKC isoenzyme activity in these cells is unknown. This study 
examined the effects of FAs on PKC activity and on isoenzyme 
expression and abundance. 

Methods: Prostatic cancer LNCaP cells were grown to 
confluence and exposed to 100mmolI"' n-6 linoleic acid 
(LA), 7-3 eicosapentaenoic acid (EPA) or 7-9 oleic acid (OA) 
for 48h. PKC activity was estimated by means of enzyme- 
linked immunosorbent assay, and Western blotting was used to 
determine PKC isoenzyme expression. 
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Results: An increase in PKC activity was detected with all three 
FAs: 9.5 per cent with OA (P= 0-80), 52-8 per cent with EPA 
(P= 0-06) and 65.7 per cent with LA (P= 0-04); only the latter 
was significant. Of the ten isoforms investigated the PKC-t 
isoenzyme was significantly increased by all FAs. OA reduced 
membrane abundance, indicating inhibition of activity. PKC-x 
in membrane was reduced by EPA. PKC-8 abundance in 
membrane was decreased by EPA, LA and OA (P< 0.05); OA 
also reduced the abundance in cytosol. 

Conclusion: The observed increase in PKC activity in cells 
treated with each of the three FAs may explain how FAs can 
modulate tumour cell growth. Furthermore, the reduction in 
PKC-y and PKC-8 activities by 7-3 EPA may explain the 
potential benefits of this FA in the control of tumour growth. 
Increased PKC-1 abundance reflects increased total PKC 
activity. Specific effects of these changes on cell function await 
further elucidation. 





Glutamine withdrawal does not affect the barrier 
properties of enterocytes in vitro 


J.S. White, M. Hoper, R. W. Parks, W. D. B. Clements and 
T. Diamond 

Department of Surgery, Queen’s University of Belfast, Belfast, 
UK 

Background: Glutamine is the main metabolic substrate of the 
enterocytes, which form an important part of the gastrointest- 
inal barrier and prevent the uptake of harmful bacteria and 
bacterial products from the gut lumen. This study investigated 
the importance of glutamine in maintaining the barrier 
properties of enterocytes in an 7 vitro system. 

Methods: Caco-2 enterocytes were seeded into the apical side 
of a two-chamber Transwell system and were maintained in 
Dulbecco’s modified Eagle’s medium supplemented with 
2mmol!! glutamine. Serial measurements were made of 
transepithelial electrical resistance (TEER), fluorescein sul- 
phonic acid (FSA) clearance and lactate dehydrogenase (LDH) 
release. Once a confluent monolayer was established, cells were 
maintained in medium lacking supplemental glutamine (7 = 6) 
and with specific glutamine-free medium (7 =6). Monolayer 
TEER and permeability to FSA were measured after 3 days. 
Test systems were compared with control systems maintained 
in glutamine-supplemented medium. 

Results: Some 15 days after seeding, a confluent cell mono- 
layer was formed that had high electrical resistance, low 
permeability to FSA and low LDH release. No significant 
differences were noted in transepithelial resistance, FSA 
clearance or morphology between control, unsupplemented 
and glutamine-free monolayer systems. 

Conclusion: Caco-2 enterocytes form a confluent cell mono- 
layer which has high electrical resistance and low permeability 
to small molecules. This model may be useful for further 
investigation of factors affecting gut barrier function. 
Monolayer hyperpermeability was not induced either by 
withdrawal of normal glutamine supplementation or by the 
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use of glutamine-free medium, suggesting that supplemental 
glutamine is not essential for maintenance of enterocyte barrier 
function in vitro. 


Modulation of leukotriene B, and myeloperoxidase by 
fatty acid supplements in patients with ulcerative colitis 


A. Eltahir, S. Moir, N. A. G. Mowat, T. S. Sinclair, 

P. W. Brunt, O. Eremin and S. D. Heys 

Departments of Surgery and Gastroenterology, University of 
Aberdeen and Grampian University Hospitals NHS Trust, 
Aberdeen, UK 


Background: Leukotriene (LT) B4 is a potent chemotactic 
agent for neutrophils, which produce myeloperoxidase (MPO). 
It has been shown that dietary -3 essential fatty acids (EFAs) 
can result in symptomatic improvement in patients with 
ulcerative colitis, and this study aimed to determine whether 
these effects may have been mediated through a decrease in 
LTB, and MPO. 

Methods: Patients with ulcerative colitis (= 30), receiving 
standard therapy, were randomized to either dietary supple- 
mentation with EFAs (eicosapentaenoic acid 3-2 g daily and 
docosahexaenoic acid 2-4 g per day) or placebo (sunflower oil) 
for 6months. MPO and LTB, in colonic washouts and in 
serum and plasma were measured before starting therapy, 
3 months later and after 6 months. 

Results: Values are median (interquartile range). There was a 
significant reduction in plasma level of MPO after 6 months in 
patients taking 7-3 EFAs compared with the control group (50 
(10-94) versus 90 (70-116) pg mi; P=0.04). There was a 
reduction in MPO in colonic washouts from patients receiving 
a-3 EFAs compared with the control group (32 (0-656) versus 
1296 (40-3068) pg ml"!; P= 0-06). There was a reduction in the 
serum LTB; levels in the n-3 EFA group, and there was no 
difference in LTB, levels in colonic washout. 

Conclusion: This reduction in MPO level may play a role in the 
symptomatic improvement with dietary 7-3 EFA observed in 
patients with ulcerative colitis. 


Systemic and portal biochemistry after intestinal 
ischaemia-—reperfusion injury 


S. B. Williams*?, S. R. Williams, L. Spitz} and A. Pierrot 
“Royal College of Surgeons Unit of Biophysics and + Department of 
Paediatric Surgery, Institute of Child Health, University C ollege, 

London and tImaging Science and Biomedical Engineering, 
University of Manchester, Manchester, UK 


Background: Intestinal ischaemia-reperfusion injury (IRI) is 
associated with multisystem failure, including liver failure. 
This study characterized changes in systemic and portal blood 
biochemistry after intestinal IRI. 

Methods: This experiment was performed under Home Office 
licence. Two groups of adult rats (7 =6) were anaesthetized. 
Animals in the intestinal IRI group underwent occlusion of the 
superior mesenteric artery (SMA) for 90 min. A blood sample 
was taken from the superior mesenteric vein (SMV), the SMA 
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was deoccluded and a further SMV sample was taken z 
reperfusion. Samples were also taken from the inferior vena 
cava (IVC) and aorta at 130 and ; 
respectively. 


160s of reperfi 
Control rats had general anaesthetic (GA) onh 
for 90 min, and SMV, IVC and aortic samples were ta 
further 100, 130 and 160s respectively. Samples 
processed immediately by ani-STAT portable clinic: lys 
G-STAT Corporation, Princeton, NJ, USA) and Na’, 
partial pressures of oxygen and carbon dioxide (POs, PCO) and 
haematocrit were determined. 

Results: Sodium concentration did not differ berween groups 
at any site sampled. Only haematocrit differed between [VC 
and aortic samples (VC: intestinal IRI 9.43(0-007) v 
control 0-40(0-006), P= 0-004; aorta: intestinal IRI 0420.007 
versus control 0-38(0-007), P=0-006). Results for the SMV 
samples are shown in the Table. 



















Values are mean(s.e.m.}. *P= 0-02, FP = 0-004, P< 0.000 
pre-perfusion; P< 0-0005, §P=0-03, P= 0-002 z 
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Conclusion: Acidic oxygen-rich blood is delivered to the 
after intestinal IRI. Haemoconcentration afer intestinal | 
most marked in the SMV, but also affects the 
circulation. 
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Neutrophil-mediated skeletal muscle reperfusion injury 
is complement independent 


C. Kyriakides, Y. Wang, W. G. Austen Jr, J. Favuzza, 
F. D. Moore Jr and H. B. Hechtman (introduced by 
D. Charlesworth) 

Department of Surgery, Brigham and Women's He 
Harvard Medical School, Boston, Massachusetts, USA 


Background: The polymorphonuclear leucocyte (PAIN) and 
complement system have long been known to play pathogenic 
roles in ischaemia—reperfusion injury. This study examined che 
relative anti-inflammatory contributions of neutrophil deple- 
tion and complement inhibition in moderating skeletal muscle 
reperfusion injury. 

Methods: C57BL/6 mice underwent 2h of bilateral hindlimb 
ischaemia and 3 h of reperfusion. Extravasation of '7"|-labelled 
albumin injected before reperfusion was used to assess the 
hindlimb vascular permeability index (PD. Neutropenia 
induced by tail vein injection of adsorbed rabbit 
antibody (20mgkg™'). Total complement inhibition was 
achieved by tail vein injection of 10 mg kg"! of the recombina 
complement antagonist, soluble complement receptor type 
(sCR1). Animals were maintained in accordance with Nadonal 
Research Council guidelines. 
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Results: Mean(s.e.m.) PI after subtraction of the sham value 
(P<0-05, ż test with Bonferroni correction) in neutrophil- 
immunodepleted mice (mean(s.e.m.) absolute PMN count of 
102037) cells per pl; 2=19) was 1-40(0-08). This result 
represented a 42 per cent reduction in PI compared with the 
untreated group (7 = 26) (2-40(0-11); P< 0-05), indicating the 
primacy of neutrophils in mediating injury. Similarly, the PI 
following treatment with sCR1 (= 19) was 1-18(0-07). This 
result represents a 51 per cent reduction compared with the 
untreated group, confirming the pathogenic role of comple- 
ment in this setting. PI in neutropenic mice (mean(s.e.m.) 
absolute PMN count 111(74) cells per pl) treated with sCR1 
(7 = 20) was 0-68(0-10), representing a 72 per cent reduction in 
permeability and significantly better than complement inhibi- 
tion alone (P<0-05). This result indicates the presence of 
neutrophil activity despite the absence of complement activa- 
tion. 

Conclusion: Neutrophils and complement mediate skeletal 
muscle reperfusion injury in an additive and independent 
fashion. The development of pharmacological agents that 
combine antagonism of both PMN and complement activation 
mechanisms would probably be more effective in moderating 
the injurious sequelae of ischaemia-reperfusion. 


Modulation of neutrophil function in an in vitro mode! of 
hypertonic resuscitation 


C. Condron, P. O’Neill, D. Toomey, C. J. Kelly and 

D. Bouchier-Hayes 

Department of Surgery, Royal College of Surgeons in Ireland, 
Beaumont Hospital, Dublin, Ireland 


Background: Recent studies have proposed hypertonic (7-5 per 
cent) saline (HITS) as a resuscitation fluid with immunomodu- 
lation properties that limit polymorphonuclear neutrophil 
(PMN)-mediated organ damage. It was hypothesized that this 
therapy would reduce PMN bactericidal function and increase 
apoptosis in the blood, and that these changes could be 
modulated by the osmoregulator taurine. 

Methods: PMNs were isolated from healthy volunteers and 
incubated in 7-5 per cent HTS (diluted to obtain osmolarity 
similar to that reported in clinical practice following this 
therapy), for 1-6h with or without taurine at 1 mg mi, 
Apoptosis, respiratory burst and cell surface adhesion receptor 
expression were measured by flow cytometry. 

Results: 







co ees HTS 1:16 
_ Control HTS 1:16  +taurine 

oo AmB. 450. 

19{5-7)* 10(3-0)* 


- 186(35-5) 
346148-5)" 
45(3-0)+ 


Values are mean(s.e.m.). *P< 0-05 versus control, +P < 0-05 versus HTS 
(n= 3). MCF, mean channel fluorescence 
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Conclusion: Increased osmolarity as a result of replacement 
with HTS significantly upregulates PMN apoptosis and 
downregulates superoxide generation im vitro, an effect that is 
modulated by taurine, thus conserving bactericidal function. 
Taurine works in synergy with HTS to downregulate CD11B 
adhesion receptor expression further, and prevents L-selectin 
shedding, which may further reduce neutrophil migration and 
resultant tissue damage. 


Effects of inspired oxygen concentration in the 
management of primary blast lung injury 


A. D. McLean, K. Trimble, L. B. Cannon, A.J. Sedman and 
P. E. Watkins 

Biomedical Sciences, Defence Evaluation and Research Agency 
Porton Down, Salisbury, UK 


Background: Management regimens for primary blast lung 
injury have developed with little scientific rationale. The effects 
ofsupplemental oxygen therapy in this condition are unknown. 
Methods: Anaesthetized, spontaneously breathing pigs (# = 12) 
were divided into two equal groups and exposed to blast. Group 
1 received severe (non-fatal) injury and group 2 were subjected 
to moderate injury. Blood gas analysis was performed before 
blast and for up to lh postblast. At 1h all animals received 
supplemental oxygen with an increasing fraction of inspired 
oxygen (FiO;) and were then killed. All work complied with the 
Animals (Scientific Procedures) Act 1986. 

Results: Apnoea was recorded in four of six animals in group 1, 
but in none of the pigs in group 2. In group I the mean(s.e.m.) 
partial pressure of oxygen (PaQ2) was significantly reduced, 
from 11-44-0)kPa to a postblast value of 4-5(1-0)kPa 
(P<0-05), which was maintained until 1h. In group 2, Pao, 
fell after blast, from 10-2(0-8) to 9-0(1-0) kPa, but this was not 
statistically significant. In group 1, arterial pH fell from 
7-46(0-02) to 7-31(0-08) (P < 0-05), but in group 2 there was no 
significant alteration. At 1 h, a FiO: of 100 per cent was required 
to cause a significant increase in PaO: in group 1, whereas in 
group 2 an FiO; of 40 per cent resulted in a significant rise in 
PaO». 

Conclusion: Severity of blast injury is reflected in the degree of 
hypoxaemia and acidosis. In severe injury, ventilation with an 
FiO of 10C per cent is necessary to correct the hypoxaemia. 


Human fracture haematoma is inherently angiogenic 


J. T. Street, J. H. Wang, D. C. Winter, A. Wakai, Q. D. Wu, 
S. Blankson and H. P. Redmond 

Department of Academic Surgery, Cork University Hospital, 
Cork, Ireland 

Background: It was hypothesized that skeletal injury would 
induce local and systemic angiogenic responses and that 
fracture site haematoma would be a reservoir of angiogenic 
cytokines. 

Methods: Fracture haematoma and plasma from patients with 
skeletal injury were assayed for vascular endothelial growth 
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factor (VEGF). Endothelial cells (ECs) were cultured ın these 
samples and angiogenic parameters of EC proliferation 
(uridine labelling) and tubule formation (in vitro Matrigel™ 
assay (Becton Dickinson, Franklin Lakes, NJ, USA)) were 
determined. EC viability was assessed by tetrazolium bio- 
reduction. To determine the angiogenic potential in vivo, 
samples were incorporated in a Matrigel vehicle and inserted 
into a dorsal pocket in adult male mice. After 21 days the gel was 
removed and the number of ingrowing new blood vessels 
counted, Values are mean(s.e.m.); n = 32 per group. Analysis of 
variance was used for statistical analysis; P<0-05 was con- 
sidered significant. 

Results: Injury increased the level of circulating VEGF 
compared with the value in control samples (310(45) versus 
68(3) pg ml; P<0-05). Patient plasma significantly enhanced 
EC proliferation to 148(6) per cent of the control value 
(P<0-05). Tubule formation increased with injury compared 
with the control (312(15) versus 194(7) tubules per gel; 
P<0-05). Fracture haematoma contained significantly more 
VEGF (5335(1020) pg ml; P< 0-05) than subject plasma, yet 
paradoxically attenuated angiogenesis im vitro (proliferation: 
24(2) per cent of control, P<0-05; tubule formation: 82(6) 
versus 194{7) tubules per gel, P < 0-05; viability 71(2) per cent of 
control, P< 0.05). This cytotoxicity was potassium dependent 
at a haematoma concentration in excess of 9 mmol I"!. Fracture 
haematoma induced angiogenesis in vivo (control 68(3) versus 
patient plasma 118(7) tubules per gel (P< 0-05) and fracture 
haematoma 217(18) tubules per gel (P<0-05)), comparable 
with recombinant murine VEGF at 1000pgml™ (243(21) 
tubules per gel). Pretreatment with a neutralizing antibody to 
VEGF resulted in blood vessel formation comparable with that 
in the control (86(18) tubules per gel). 

Conclusion: Isolated skeletal injury mduces systemic and 
fracture site states of VEGF-mediated angiogenesis. Fracture 
haematoma is a reservoir of angiogenic cytokines. The 
differences in the # vitro and m vrvo results may explain the 
phenomenon of haematoma resorption-organization that 
precedes fracture revascularization. 


Angiogenic cytokines modulate bone turnover 


J. T. Street, J. H. Wang, C. Power, Q. D. Wu, S. Blankson, 
A. Wakai and H. P. Redmond 

Department of Academic Surgery, Cork University Hospital, 
Cork, Ireland 

Background: Osteoblast apoptosis characterizes physiological, 
septic, osteoporotic and periprosthetic bone loss. Vascular 
endothelial growth factor (VEGF) couples osteogenesis and 
vascularization during skeletogenesis. Basic fibroblast growth 
factor (bFGF) and platelet-derived growth factor (PDGF) are 
other angiogenic cytokines involved in bone formation. It was 
hypothesized that these angiogenic factors would promote 
osteoblast survival by delaying osteoblast apoptosis. 

Methods: Primary human osteoblasts were examined for 
VEGF kinase insert domain containing receptor (KDR) 


©2001 Blackwell Science Ltd 


SRS abstracts 743 


expression using a binding assay by flow cytometry. 
Osteoblasts were incubated for 18 h in anti-fatty acid synthase 
(Fas) immunoglobulin M (1000 ng mI") in the presence or 
absence of tumour necrosis factor (TNF) a (1-100 ng mF’). 
Parallel studies were performed ın the presence of VEGF 
and PDGF (from 10pgml™ to 10ngml™!) and bFGF (1- 
100 ng mI’). Osteoblast apoptosis was determined by measur- 
ing hypodiploid DNA fragmentation by means of propidium 
iodide staining on flow cytometry and confirmed with agarose 
gel electrophoresis. Data are given as mean(s.e.m.) values from 
four experiments, each in triplicate, expressed as percentage 
cell apoptosis. Analysis of variance was employed for statistical 
analysis; P<0-05 was considered significant. 

Results: TNF-a (100 ng ml”) enhanced Fas receptor expres- 
sion (P=0-0001) and significantly creased Fas-mediated 
apoptosis (spontaneous 25-6 per cent versus Fas-induced 65-8 
per cent and TNF-a 82-3 per cent; both P< 0-05) but did not 
induce apoptosis in the absence of Fas. Primary osteoblasts 
demonstrated high-affinity binding of VEGF, confirming 
expression of the KDR (P=0-0003). VEGF (1ngml), 
bFGF (25 ng mI") and PDGF (1 ng mI“) significantly attenu- 
ated both spontaneous (6-4, 7-4 and 13-3 per cent respectively 
versus 25-6 per cent; all P<0-05) and Fas-TNF-a-induced 
(38-6, 49-0 and 51-3 per cent respectively versus 82-3 per cent; all 
P<0-05) osteoblast apoptosis. VEGF promoted osteoblast 
survival by increasing the expression of the antiapoptotic genes 
BCI2 and Bax. 

Conclusion: TNF-o. causes osteoblast cell death by enhancing 
Fas-mediated apoptosis. VEGF, bFGF and PDGF at concen- 
trations that regulate angiogenesis protect from TNF-a- and 
Fas-mediated apoptosis. VEGF is the most potent of the 
‘angiogenic’ signals conferring osteoblast survival. Thus 
angiogenic cytokines may modulate physiological and patho- 
logical osteoblast turnover. 


Cardiac function during conventional 
pneumoperitoneum versus mechanical abdominal wall 
lift In laparoscopic cholecystectomy 


A. Alijani, G. B. Hanna and A. Cuschieri 
Department of Surgery, Ninewells Hospital and Medical School, 
Dundee, UK 


Background: The aim was to investigate whether using 
mechanical abdominal wall lift MAWL) in place of conven- 
tional pneumoperitoneum (CPP) would minimize the brady- 
cardia and reduction in cardiac output (CO) that occur during 
CPP. 

Methods: Patient consent and ethical approval for the study 
were obtained. Forty consecutive patients undergoing elective 
laparoscopic cholecystectomy were randomized into two 
evenly matched groups, receiving either CPP or MAWL at 
12 and 0—4 mmHg of intra-abdominal pressure respectively. A 
standardized anaesthetic protocol was followed. Episodes of 
intraoperative bradycardia (less than 40 beats per min) were 
corrected with 200 g intravenous glycopyrronium. An oeso- 
phageal Doppler machine was used to measure CO before and 
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after lift-up-insufflation (To, Ti), at head-up (T>), subsequently 
every 20 min for the next 60 min (73, Ta, Ts), and before and 
after lift-down—desufflation (Ts, T>). 

Results: In CPP and MAWL groups, nine of 20 and one of 20 
patients respectively developed at least one episode of 
bradycardia requiring glycopyrronium (x7 =6-5 with Yates’ 
correction, P=0-011). 


CO(min) 







CPP. ; MAWL 


- 5-4(0-26) 
-B(0-25) *t 


5-8(0-33) 

‘5:6(0-32) 

5:1(0-29) 

5-5(0-34) 

5-7(0-40) 
© §7(0:31) 
n < 5:5(0-32) 
TT 5-9(0-31) 
Values are mean(s.c.in.). “P< 0-01 versus MAWL, P< 0-01 versus Ty 
(independent and paired ż tests) 


Conclusion: MAWL was associated with fewer episodes of 
bradycardia and lesser reduction in CO than CPP. This may 
have implications for patients with poor cardiac reserve. 


improvement in disease-free interval and response rate 
in patients receiving primary chemotherapy with 
taxotere for breast cancer 


K. N. Ogston and the Aberdeen Breast Group 
Departments of Surgery and Pathology, University of Aberdeen, 
Aberdeen, UK 


Background: Primary chemotherapy is commonly used to treat 
breast cancer. The most efficacious drug regimens utilize 
anthracyclines, but many patients fail to respond to this 
treatment. The aim of this study was to determine the efficacy 
of primary taxotere in patients with breast cancer. 

Methods: Patients with breast cancer received four pulses of 
CVAP (cyclophosphamide, vincristine, doxorubicin, predni- 
solone) chemotherapy. Clinical response was then assessed. 
Those with a partial (PR) or complete (CR) clinical response 
were randomized to receive either four further pulses of CVAP 
or four pulses of taxotere. All patients whose tumours failed to 
respond received four further pulses of taxotere. Following this 
chemotherapeutic regimen, clinical response was assessed and 
surgery was performed. Pathological response was assessed in 
the resected breast tissue. 

Results: To date, 170 patients have been enrolled into the 
study; 105 were suitable for randomization. In randomized 
patients after completion of chemotherapy the clinical PR or 
CR rate was 67 per cent in the CVAP group and 96 per cent in 
the taxotere group (xX = 12-57, P<0-001). Non-randomized 
patients had a clinical PR or CR of 43 per cent. Pathological 
response in randomized patients was 43 per cent with CVAP 
and 78 per cent with CVAP and taxotere OC = 2-05, P=0-15); in 
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non-randomized responders it was 42 per cent. In addition, 
patients receiving taxotere had a significantly increased 
disease-free interval (P< 0-05). 

Conclusion: Primary treatment with taxotere resulted in 
substantial and significantly increased response rates and 
disease-free interval. 


Role of hyperbaric oxygen therapy in ischaemic, 
diabetic, lower-extremity ulcers: a double-blind 
randomized controlled trial 


A. Abidia, G. Kuhan, G. Laden, H. Bahia, B. Johnson, 

A. Wilkinson, P. Renwick, E. Masson* and P. T. McCollum 
Department of Vascular Surgery, Academic Surgical Unit and 
“Department of Medicine, Hull Royal Infirmary and The 
University of Hull, Hull, UK 

Background: Some 14-24 per cent of diabetic patients with 
ischaemic lower-extremity ulcers will require an amputation. 
Despite much effort toward the prevention of amputation in 
the past decade, the incidence of lower-extremity amputation 
in such patients continues to rise. This study aimed to evaluate 
the role of hyperbaric oxygen therapy in the management of 
this group of patients. 

Methods: Eighteen diabetic patients with ischaemic, non- 
healing lower-extremity ulcers were recruited in this double- 
blind study. Patients were assigned randomly to receive either 
100 per cent oxygen (treatment group) or air (control group), at 
2-4 atmospneres of absolute pressure for 90 min daily, for a 
total of 30 treatments. Wound surface areas were measured at 
baseline and then at 2, 4, 6 and 12 weeks, and 6 months. 
Results: At 12 weeks, healing with complete epithelialization 
was achieved in 13 of 19 ulcers in the treatment group 
compared with four of 14 ulcers in the control group (P= 0-024, 
x? test). The mean(s.d.) decrease of the wound area in the 
treatment group was 83(36) per cent and that in the control 
group was 56(39) per cent (P= 0-021, Mann-Whitney U test). 
There was no difference in major amputation rate between the 
two groups. 

Conclusion: Hyperbaric oxygen therapy enhanced the healing 
potential of ischaemic, non-healing, diabetic leg ulcers and may 
be used as a valuable adjunct to conventional therapy when 
reconstructive surgery is not possible. 


Expression and function of angiopoietin 1 in breast 
cancer 


A. J. Hayes, P. C. Maisonpierre*, M. E. Lippman and 

L. Y. Li (introduced by W. H. Allum) 

Department of Oncology, Georgetown University Medical 
Center, Washington, DC and “Regeneron Pharmaceuticals, 
Tarrytown. New York, USA 

Background: Angiopoietin 1 (Angl) is a recently identified 
angiogenic factor that, signalling through its receptor Tie-2, 
induces physiological angiogenesis by promoting vascular 
branching and organization. As tumour angiogenesis depends 
upon the local production of angiogenic promoters, the role of 
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Angl in tumour neovascularization was investigated under 
clinical conditions and in animal models. 

Methods: Ang] expression was analysed by reverse 
transcriptase—polymerase chain reaction, both in cell lines 
and in clinical specimens using laser capture microdissection to 
isolate RNA from breast cancer cells juxtaposed to microvessels 
that had been immunostained for Tie-2 . Angl was then 
overexpressed in a breast cancer cell line (MCF- 7) alone and 
with fibroblast growth factor (FGF) 1, an angiogenic factor that 
increases the tumorigenicity of MCF-7 cells, and these cells 
were used in tumorigenicity assays (approved by Georgetown 
University Animal Care and Use Committee). 

Results: Despite expression of Ang! in many breast cancer cell 
lines, the gene was expressed in only three of 21 breast cancer 
specimens, even though its receptor Tie-2 was abundant on 
tumour microvessels, Overexpression of high concentrations 
of biologically active Angl, alone or with FGF-1, did not 
enhance MCF-7 cell tumorigenicity, but instead caused up toa 
threefold retardation of tumour growth (P = 0-003). 
Conclusion: Ang! serves different roles in physiological and 
pathological angiogenesis. This finding supports previous 
studies suggesting that the biology of angiogenesis physiolo- 
gically and in tumours is distinct, and has implications for 
antiangiogenic therapies. 


Cerebral emboli during hip and knee replacement: the 
role of venous to arterial shunting 


G. Riding, S. Rao, S. Hutchinson, J. Kilic, M. Lovell and 
C. McCollum 

Department of Surgery, South Manchester University Hospital, 
Manchester, UK 


Background: Intraoperative cerebral emboli in hip and knee 
replacement may contribute to the fat emboli syndrome. The 
role of venous to arterial circulation (VAC) shunts, usually due 
to a patent foramen ovale, was investigated. 
Methods: Patients undergoing hip (#=20) and knee (7 =21) 
replacement were investigated before operation by transcranial 
Doppler ultrasonography (TCD) for middle cerebral micro- 
bubble emboli following intravenous injection of an air 
emulsion; VAC shunts were categorized by size and spontane- 
ity. Continuous TCD monitoring during operation was used to 
detect intraoperative cerebral emboli. 
Results: Cerebral emboli occurred only in patients with VAC 
shunt (P=0-012, Fisher’s exact test). Spontaneous VAC 
shunting (without cough or Valsalva) predicted emboli with 
an odds ratio of 28 (95 per cent confidence interval 4-198; 
P=0-007, logistic regression). Large VAC shunts were also 
related to intraoperative cerebral emboli, which occurred in 13 
of the 15 patients with more than 15 microbubble emboli on 
VAC shunt testing but only in five of the 19 patients with fewer 
than 16 microbubbles (P=0-001, Fisher’s exact test). The 
number of emboli was also strongly related to the size of the 
FAC shunt (P< 0-01, Spearman test). More emboli occurred 
during hip than during knee replacement (odds ratio 5-5). Two 
patients with large spontaneous VAC shunts had 368 and 192 
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cerebral emboli and suffered unexplained confusion and 
pancreatitis. 

Conclusion: During joint replacement surgery cerebral emboli 
occur only in patients with a VAC shunt, particularly when j 
spontaneous and large. This may explain poste 
confusion. Embolization will inevitably be generalized and 
may cause other complications. 











Cyclo-oxygenase inhibitors reduce tumour size, 
metastases and serum vascular endothelial growth 
factor levels in an experimental model of breast 
carcinoma 

E. M. Connolly, J. H. Harmey, M. Eng, D. Foley, E. Kay”, 
C. J. Kelly, A. Leahy and D. J. Bouchier-Hayes 
Departments of Surgery and *Pathology, Royal £ 
Surgeons in Ireland, Beaumont Hospital, Dublin, Irel 














Background: Cyclo-oxygenase (COX) 2 expression is increased 
in patients with breast cancer. The effect of COX-2 inhibi 

on breast cancer growth and metastases is unknown. 
Methods: Some 50000 4T1 mammary carcinoma cell 
injected into the left mammary fat pad of 9-wee 
BALB/c mice. On day 12 postinjection mice were rando 
into three groups (7 =6 per group) and given mtraperi 
injections, on alternate days, of a selective COX-2 inhib 
(COX-2 group), a non-selective COX inhibitor {ndometha 
group) or drug vehicle (control). Animals 
mean tumour size in the control group was [8-7 n 
Results: 

















VEGF, vascular endothelial growth factor. *P < 0-05 v 
(analysis of variance and Kruskal-Wallis test for non- 









bya | reduction i in the activity of oe note nt angiogenic factor 
VEGF. 


Activated neutrophils upregulate T-cell responses in 
patients with acute pancreatitis 

E. G. Kavanagh, R. W. Watson, J. A. Lederer, 

J. M. Fitzpatrick and P. R. O’Connell 

Department of Surgery, Mater Misericordiae H 
University College Dublin, Dublin, Ireland 








Background: Delayed neutrophil apoptosis is a characteristic of 
acute pancreatitis in humans. It is not known whether these 
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activated neutrophils are simply mediators of end-organ 
damage, or whether they may, in addition, be involved in 
regulating the inflammatory response. 

Methods: Polymorphonuclear neutrophils (PMNs) and per- 
ipheral blood mononuclear cells (PBMCs) were isolated from 
patients with acute necrotizing pancreatitis (7 = 5) and healthy 
volunteer control subjects, and co-cultured with anti-CD3 
monoclonal antibody, to assess the influence of activated 
neutrophils on T cells. Microwell cell culture inserts were used 
to separate neutrophils from PBMCs, while allowing diffusion 
of cytokines and other factors across the membrane. T-cell 
proliferation and cytokine production were measured by 
tritiated thymidine incorporation and immunoassay respec- 
tively. 


Results: 





a ‘Tell proliferation Interleukin 10 





*+P<0-001 (analysis of variance and Tukey- 


Values are mean(s.e.m.). 
Kramer test respectively) 


Despite a marked reduction in anti-CD3-induced T-cell 
proliferation in pancreatitis compared with that in controls, 
there was increased proliferation when PBMCs were cultured 
in the presence of activated neutrophils from patients with 


pancreatitis. There was an associated increase in production of 


the anti-inflammatory cytokine interleukin 10. 

Conclusion: These results suggest a functional role for delayed 
neutrophil apoptosis in regulating the inflammatory response 
in patients with acute pancreatitis. 


Antilipopolysaccharide hyperimmune globulin 
attenuates portal endotoxaemia but not systemic 
inflammation in lower limb ischaemia-reperfusion 
injury 

D. W. Harkin, A. A. B. Barros D’Sa*, K. McCallion, 

M. Hoper, M. I. Halliday and F. C. C ampbell 

“Vascular Surgical Unit, Royal Victoria Hospital and 
Department of Surgery, Queen’s University of Belfast, Belfast, 
UK 


Background: Lower limb ischaemia-reperfusion (I-R) in- 
creases gut permeability to endotoxin (lipopolysaccharide; 
LPS), a potent proinflammatory agent. The resultant systemic 
inflammatory response syndrome (SIRS) is associated with 
acute lung injury. The potential of anti-LPS hyperimmune 
globulin (immunoglobulin (Ig) G) to modulate SIRS after I-R 
was explored. 

Methods: Anaesthetized, ventilated swine (six per group) were 
randomized after midline laparotomy: bilateral external iliac 
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artery occlusion (120 min) and reperfusion (180 min) d-R 
group); I-R plus anti-LPS IgG 20 mg kg” given intravenously 
over 30 min at the start of reperfusion (I-R + anti-LPS group); 
and laparotomy alone (control group). Postreperfusion plasma 
endotoxin and interleukin (IL) 6 levels were measured as 
indices of endotoxaemia and systemic inflammation, and lung 
injury was assessed by determination of mean pulmonary artery 
pressure (PAP), arterial~alveolar oxygen (A-a) gradient and 
lung tissue myeloperoxidase (MPO) concentration. 

Results: 







Contol = FR 


Plasma 
Endotoxin (bg m . 


Data represent endpoint values (¢ = 270 min): *median (interquartile 
range) (Mann-Whitney U test) and tmean(s.e.m.) (Student’s t test). 
4P <0.05, §P< 0-01 versus control; YP< 0-01 versus I-R 


Conclusion: Lower limb I-R, in a fully resuscitated porcine 
model, is associated with endotoxaemia, systemic inflammation 
and acute neutrophil-mediated lung injury. Treatment with 
anti-LPS IgG decreases endotoxaemia but not IL-6 production 
or acute lung injury in lower limb I-R. 


Recombinant P-selectin glycoprotein 
ligand-immunoglobulin fusion protein moderates local 
and remote injuries following lower torso ischaemia 


C. Kyriakides, J. Favuzza, Y. Wang, W. G. Austen Jr, 

F. D. Moore Jr and H. B. Hechtman (introduced by 

D. Charlesworth) 

Department of Surgery, Brigham and Women’s Hospital and 
Harvard Medical School, Boston, Massachusetts, USA 


Background: Because neutrophil-endothelial adhesion is a 
prerequisite leading to activation and injury, the effects of 
endothelial selectin blockade with recombinant P-selectin 
glycoprotein ligand-immunoglobulin fusion protein (rPSGL- 
Ig), a P- and E-selectin antagonist, in moderating lower torso 
ischaemia—reperfusion injury were examined. 

Methods: C57BL/6 mice underwent 2h of bilateral hindlimb 
ischaemia and 3 h of reperfusion. Extravasation of '?"I-labelled 
albumin was used to assess hindlimb and lung vascular 
permeability index (PI). Lung neutrophil sequestration was 
assayed by myeloperoxidase (MPO) activity. Mice treated with 
Img kg! rPSGL-Ig or 1 mgkg™ m20ek.Fe (negative control 
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for rPSGL-Ig, which is inactive for selectin binding) were 
compared with an untreated group. Animals were maintained 
in accordance with National Research Council guidelines. 
Results: Respective muscle and lung Pls after subtraction of 
the sham value following treatment with rPSGL-Ig were 40 
and 99 per cent lower than values in the untreated group, but 
were not moderated in mice treated with m20ek.Fc. Similarly, 
muscle and lung PIs in mice treated with rPSGL-Ig 30 min 
after reperfusion but not before, were 20 and 98 per cent 
reduced respectively. Lung MPO activity was also moderated 
after treatment with rPSGL-Ig. 





Values are mean(s.e.m.). *P< 0-05 (t test with Bonferroni correction) 


Conclusion: rPSGL-Ig attenuates local and remote lung injury 
following lower torso ischaemia-reperfusion. Significantly, 
delayed endothelial selectin blockade can also moderate 
injury. 


Inosine attenuates skeletal muscle reperfusion injury 


A. Wakai, D. C. Winter, J. T. Street, R. G. O'Sullivan, 

J. H. Wang and H. P. Redmond 

Department of Academic Surgery, Cork University Hospital, 
Cork, Ireland 

Background: The aim of this study was to ascertain whether 
inosine, a stable metabolite of adenosine, modulates skeletal 
muscle ischaemia—reperfusion injury. 

Methods: Anaesthetized male C57BL/6 mice were randomized 
to receive an intraperitoneal injection of inosine (100 mg kg”; 
n= 6) or phosphate-buffered saline (PBS, » = 6). Some 30 min 
later, animals underwent bilateral tourniquet hindlimb ischae- 
mia for 2h, followed by reperfusion for 3h. Serum levels of 
tumour necrosis factor (TNF) & and macrophage inflamma- 
tory protein (MIP) 2 were measured before ischaemia and at the 
end of reperfusion. The lungs and muscle (right gastrocne- 
mius) were harvested at the end of reperfusion. Muscle and lung 
wet: dry weight ratios were used to estimate tissue oedema. 
Myeloperoxidase (MPO) tissue levels were determined as an 
estimate of leucosequestration. Data are presented as mean 
(s.e.m.). Statistical comparison was performed with one-way 
analysis of variance; P< 0-05 was considered significant. 
Results: Inosine pretreatment resulted in lower MPO levels in 
muscle (P = 0-02) and lung (P = 0-0002) than PBS pretreatment. 
Similarly, muscle (P= 0-04) and lung (P= 0-02) wet: dry ratios 
were significantly lower with inosine than PBS pretreatment. 
Postreperfusion serum TNF-a (P<0-001) and MIP-2 
(P<0-05) levels were significantly increased compared with 
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preischaemia values with PBS pretreatment but not with 
inosine pretreatment. 

Conclusion: These findings demonstrate ihat pretreatment 
with inosine attenuates local and systemic proinflam: 








responses associated with skeletal muscle reperfusion injury. 


Effect of acute exercise and oxygen on the antioxidant 
defence mechanism and on nitric oxide availability in 
patients with intermittent claudication 


A. Abidia, G. Kuhan, H. Bahia, J. Greenman and 

P. T. McCollum 

Department of Vascular Surgery, Academic Surgical Unit, Hull 
Royal Infirmary and The University of Huil, Hull, UK 


Background: Patients with stable intermittent claudication are 
generally encouraged to walk. Walking to the limit of 
represents a minor ischaemia—reperfusion episode, potentia 
generating excess oxygen free radicals. The aim of thi 
was to investigate the effect of exercise and oxygen on 
total nitric oxide and red cell glutathione levels in claus 
Methods: Four normal subjects and five patients (clans i) 
with peripheral arterial disease exercised to fatigue or to the 
limit of pain respectively. Venous blood sarples wer 1 
before and | min after exercise. Claudicants repeated the s 
test while breathing 100 per cent oxygen at 2.4 atmox 
pressure. 

Results: The mean(s.e.m.) red cell glutathione level 
significantly reduced after exercise in  claudicants, 
1211425) to 10691435) umoll! (P= 8-043, Wileoxon t 





























43 
whereas the level increased in normal subjects from | 
to 1727655)umoll! (P=0-032, Mann-Whiney U u 
contrast, the mean(s.e.m.) plasma total nitric oxid 
increased after exercise in claudicants from 3370125) 
431(126) pmol), compared with 222(49) ro 2000 30) pmol)! 
in normal subjects. After exercise while breathi 
paradoxical increase in mean red cell glutathione conce 
(compared with breathing air) was observed in the claudicanys 
group, rising from 1350(552) to 15026307) umol l” 
Conclusion: Exercise to the limit of pain does not compromise 
nitric oxide availability but results in a significant reduction in 
the antioxidant defence mechanism. Encouraging ¢ 
to walk through pain may be harmful. Oxygen administration 
normalized the glutathione response to exercise in claudicanes 
despite the ischaemic episode, and therefore warrants further 
research. 











ing t 





Vascular endothelial growth factor enhances venous 
thrombus recanalization and organization 


M. Waltham, A. Smith, M. Collins and K. G. Burnand 
Academic Department of Surgery, St Thomas Hospital, London, 
UK 

Background: Vascular endothelial growth factor (VEGF) is 
found in naturally resolving venous thrombi and may be 
involved in their recanalization by endothelial cells. The aim 
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this study was to test the hypothesis that increasing thrombus 
VEGEF levels may accelerate recanalization and organization. 
Methods: Thrombi were induced in the rat inferior vena cava 
by creating a stenosis. Some 30 min after thrombus induction, 
1, 10 or 100ng recombinant human VEGF was injected 
directly into the thrombus (six animals per group). Control 
thrombi were injected with the carrier solution (7=6). 
Thrombi and surrounding tissue were collected after 1 week, 
fixed and prepared for paraffin sectioning. Sections were taken 
at 0-5-mm intervals along the length of the thrombus and 
stained with Martius scarlet blue. Lumen recanalization and 
thrombus organization (erythrocyte content) were measured 
by two blinded observers on digitized sections using image 
analysis software. The study was approved by the Home Office. 
Results: There were no differences in thrombus cross-sec- 
tional area between the groups. There was a greater area of 
lumen recanalization in thrombus treated with 10ng VEGF 
compared with the control (mean(s.e.m.) $492(922) versus 
2949(381) pixels; P= 0-013, ¢ test assuming unequal variance). 
There was no significant difference with 1 ng (2344(640) pixels) 
and 100 ng (3787(627) pixels) VEGF. There was a significant 
decrease in the mean(s.e.m.) proportion of thrombus erythro- 
cyte content in thrombi treated with all three concentrations of 
VEGF (1 ng: 301-7) per cent, P = 0-002; 10 ng: 30(2-0) per cent, 
P=()-004; 100 ng: 28(1-9) per cent, P= 0-0002) compared with 
the control (37(1-7) per cent) (all ż tests assuming unequal 
variance), 

Conclusion: Injecting VEGF into newly formed venous 
thrombus enhances its recanalization and organization. 
VEGEF therapy may be of use in established venous thrombosis 
to reduce long-term complications. 


Pravastatin prevents hyperglycaemia-induced human 
vascular endothelial cell apoptosis 


D. Moneley, C. Hong, C. Condron, C. J. Kelly and 

D. J. Bouchier-Hayes 

Department of Surgery, Royal College of Surgeons in Ireland, 
Beaumont Hospital, Dublin, Ireland 


Background: The role of endothelial cell apoptosis in athero- 
genesis is well established. Hyperglycaemia has been reported 
to be toxic in vitro for endothelial cells, increasing apoptosis and 
impairing nitric oxide synthesis. The aim of the study was to 
investigate the role of pravastatin in the prevention of 
hyperglycaemia-mediated endothelial cell apoptosis. 

Methods: Human umbilical vein endothelial cells (HUVECs) 
were cultured in control media (no glucose) and in hypergly- 
caemic medium (30 mmol glucose). In separate experiments, 
HUVECs in hyperglycaemic medium were cultured in the 
presence of pravastatin at a concentration of 20 and 10 umol pL 
Cells were treated for a period of 24h. Apoptosis and necrosis 
were quantified using dual staining with propidium iodide and 
anexin V, and analysed by means of flow cytometry. Nitric 
oxide concentration was determined with the Greiss reaction. 
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Results: 
-Apoptosis 
o 
Hypergiycaemia. 15:404) 
Pravastatin (umol t") SESS OSG 
20 =o esos 310-6) 
10 9-4(0-8)t2-8(0-8) 


Values are mean(s.e.m.). *P< 0-05 versus control, +P< 0-05 versus 
hyperglycaemia (analysis of variance, Tukey~Kramer post hoe test) 


These data indicate a reduction in apoptosis and a partial 
restoration of nitric oxide production to control levels in the 
hyperglycaemic groups treated with pravastatin; the 20m 
concentration was the most effective. 

Conclusion: This study has provided further evidence that 
pravastatin has endothelial protective effects independent of its 
lipid-lowering ability which may benefit the diabetic patient at 
risk of cardiovascular disease. 


Homocysteine induces apoptosis in human vascular 
endothelium 


T. C. F. Sykes, G. Molostov*, A. Morris* and D. Mosquera 
Department of Vascular Surgery, Birmingham Heartlands 
Hospital, Birmingham and *Department of Biological Sciences, 
University of Warwick, Warwick, UK 


Background: Apoptosis and raised homocysteine concentra- 
tion are independently associated with vascular disease. This 
study aimed to determine whether homocysteine induces 
apoptosis in human vascular endothelium. 

Methods: Human umbilical vein endothelial cells (HUVECs) 
were co-incubated with D,L-homocysteine, adenosine and 
erythro-9-(2-hydroxy-3-nonye) adenine (EHNA) (an inhibitor 
of adenosine degradation), either alone or in combination, for 4 
or 24h. Apoptosis was measured by flow cytometry after 
staining with annexin V and propidium iodide. 

Results: Homocysteine, adenosine or EHNA alone did not 
induce apoptosis. Homocysteine in combination with adeno- 
sine induced apoptosis, an effect increased by co-incubation 
with EHNA and maximal at +h. 


Control: 
Homocysteine 
Adenosine 
EHNA coe 
Homocysteine + adenosine 
Homocysteine + adenosine + EHNA 













1370-7" 
2818-4) 


Values are mean(s.d.). Concentrations: homocysteine, 0-5 mmol l’; 
adenosine, 0-5 mmol 1’; EHNA, 0-1 mmol 1. *P < 0-006 versus control 
(analysis oF variance) 
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Conclusion: Homocysteine and adenosine in combination 
induce apoptosis in HUVECs, a process augmented by 
EHNA. The role of homocysteine-induced endothelial 
apoptosis in vascular disease needs further study. 


Microvascular reflexes are influenced by oxygen in 
diabetic patients with peripheral arterial disease 


A. Abidia, G. Kuhan, H. Bahia, I. Chetter and 

P. T. McCollum 

Department of Vascular Surgery, Academic Surgical Unit, Hull 
Royal Infirmary and the University of Hull, Hull, UK 


Background: Endotheliopathy and vascular denervation are 
responsible for the abnormal microvascular reflexes seen in 
diabetic patients and are of importance in the pathogenesis of 
complications. The influence of oxygen on two classical 
reflexes, the vasoconstrictive response to leg dependency 
(VCD) and the vasodilatory response to thermal stimulation 
(VDT), were investigated in diabetic patients with peripheral 
arterial disease. 

Methods: Eighteen diabetic and three non-diabetic patients 
with occlusive arterial disease and five normal subjects were 
recruited. Laser Doppler flowmetry and transcutaneous 
oximetry were measured on the forefoot in the supine position 
and then 3 min after leg dependency at 50°. The second set of 
measurements was taken in the supine position and then 10 min 
after the laser Doppler probe was heated to 44°C. The tests 
were repeated while giving the patients 100 per cent oxygen at 
2-4 atmospheres of absolute pressure. 

Results: Mean tissue oxygenation was 48 mmHg in diabetic 
patients, 58 mmHg in non-diabetic patients and 68 mmHg in 
normal subjects. Mean VDT was 600, 744 and 1426 per cent 
respectively. In contrast, mean VCD was 15, ~31 and 39 per 
cent. However, after oxygen administration to the patients, the 
mean tissue oxygenation improved to 496mmHg in the 
diabetic group and to 777 mmHg in the non-diabetic group 
(P< 0-001, Wilcoxon test). Moreover, the mean VDT response 
increased to 1425 and 924 per cent respectively (P= 0-003, 
Wilcoxon test). Furthermore, the mean VCD responses 
improved to 35 and 40 per cent (P= 0-010, Wilcoxon test). 
Conclusion: These results show that oxygen administration 
normalizes the reflex vasoconstriction induced by leg depen- 
dency and vasodilatation induced by thermal stimulation in 
diabetic and non-diabetic patients with arterial disease. This 
suggests an improvement in the endothelial function in both 
groups of patients and a possible improvement in autonomic 
nerve function in the diabetic patients. 


Endovascular approach to aneurysm repair protects 
patients from postoperative systemic immune 
inflammation 


K. J. Sweeney, D. Evoy, S. Sultan, C. Coates, D. J. Moore, 
D. G. Shanik, M. R. Kell and J. V. Reynolds 

Departments of Clinical Surgery and of Vascular and 
Endovascular Surgery, St James’s Hospital, Dublin, Ireland 
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Background: Endovascular abdominal aortic anei 
AAA) repair has several potential advantages comp: 
conventional (C-AAA) repair, including Seg 
injury and attenuated ischaemia—reperfusion 
immunological comparison of these approaches has not 
performed. This study focused on T-cell and 

to C-AAA and E-AAA. 

Methods: Peripheral venous blood samples of 20 patient 
having C-AAA and eight E-AAA repair) were examined. T 
expression of surface markers CD69, CD621. and CD25 iw vivo 
and production of interleukin (IL) 2, 1-10 and interferon 
(IFN) y before operation and 1 week after surgery was assessed 
by means of dual-colour immunofluorescence and enzyme- 
linked immunosorbent assay. 

Results: Conventional surgery resulted in increased expression 
of CD69 and CD25, and increased IL-2 production 1 week 
after operation, compared with preoperative values. These 
changes were not detected following F-AAA r 
-10 in either group. 










injurv. 








ytokine response 





















Values are mean(s.e.m.). “Percentage of T cells expressing surface marker. 


+P<0-05 versus E-AAA 






Conclusion: E-AAA repair results in reduced immun 
tion and avoids the evelopment ie an ammatory T 


These data are consistent with > hypothe 
repair may result in reduced systemic inflamen 
with conventional open repair. 


Neutrophil elastase release in endovascular abdominal 
aortic aneurysm repair 


T. E. Rowlands, J. Periselneris, S. Evans, A. L D. Mavor, 
M. J. Gough and S. Homer-Vanniasinkar 

Vascular Surgical Unit, The General Infirmary at Leeds. Leeds, 
UK 

Background: Endovascular repair of abdominal aortic anew 
ysm (E-AAA) may reduce the acute-phase response (APR) 
avoid the reperfusion-associated sequelae of prolong 
cross-clamping seen with open repair (O-AAA). E-AAA 1 
may be associated with the postimplantation svndrome (PI 
fever and leucocytosis 3~4days following E-AAA repai 
which is of unproven aetiology and significance. This 
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syndrome may be reflected by changes in neutrophil-mediated 
elastase release. 

Methods: Twenty-four patients undergoing O-AAA (= 12) 
and E-AAA (n= 12) repair were studied prospectively. Blood 
samples were taken at baseline (0 h; last clamp off (O-AAA) or 
balloon deployment of stent (E-AAA)), and at 4, 24, 72 and 
144h, and were analysed for levels of neutrophil elastase—o,,- 
antitrypsin (o;-AT) complex (APR marker), free elastase 
(elastase damage) and total elastase (neutrophil activity). 
Results: From baseline (results given as percentage change), 
free elastase levels rose and fell quickly in patients having O- 
AAA repair (+h: +50 per cent, P= 0-039; 24h: +45 per cent, 
P=0.001; 72h: +35 per cent, P= 0-009), returning to baseline 
by 144h. However, in those having E-AAA repair free elastase 
concentration increased gradually to a maximum at 144h (+85 
per cent, P= 0-01). Bound elastase concentration increased up 
to 24h (4h: O-AAA +25 per cent, P=0-05; E-AAA +25 per 
cent, P= 0-009; 24h: O-AAA+ 115 per cent, P= 0-09; E-AAA 
+100 per cent, P=0-05), decreasing to baseline in patients 
having E-AAA repair by 72 h, but remaining persistently raised 
in patients having O-AAA repair at 144h (+145 per cent, 
P=0-001). There was no difference in total elastase levels 
between O-AAA and E-AAA groups at any time point. 
Conclusion: O-AAA repair is associated with a raised level of 
elastase-o;-AT complex, consistent with a greater APR, 
whereas raised levels of free elastase in the E-AAA group imply 
less binding due to a reduced APR. The differing APR and 
resultant mediator profiles in O-AAA versus E-AAA repair may 
explain why PIS is seen in the latter group. 


Urinary incontinence and the development of faecal 
incontinence in later life 


J.J. Crosbie, J. P. McGrath, W. A. Tanner and 

F. B. V. Keane 

Department of Surgery, Adelaide and Meath Hospital, Tallaght, 
Dublin, Ireland 


Background: Some 15-30 per cent of patients with urinary 
incontinence also have symptoms of faecal incontinence. The 
purpose of this study was to determine whether patients with 
urinary incontinence alone have evidence of subclinical 
anorectal dysfunction. 

Methods: Thirty women with urinary incontinence had anor- 
ectal manometry performed; the findings were compared with 
those of an age-matched control group (7 = 10). Urodynamics 
were performed using a standard technique and patients were 
stratified based on their results into three groups: stress 
incontinence (n= 14), urge incontinence (7 = 10) and mixed 
incontinence (7 = 6). 

Results: The mean(s.d.) age of the incontinent group was 
51.5(16-8) (range 22-77) years, and that of the control group 
was 50-8(18-9) (range 25-77)years. Symptom severity and 
quality of life assessment were similar between the subtypes of 
urinary incontinence. There was no significant difference in 
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mean or maximum anal canal resting pressure (stress, 
71-5 mmHg; urge, 73-9 mmHg; mixed, 51-6 mmHg; control, 
78-1 mmHg) and mean or maximum anal canal squeeze 
pressure (stress, 64-2mmHg; urge, 93-6mmHg; mixed, 
76-2mmHg; control, 90mmHg) between the groups 
(P>0-05, one-way analysis of variance followed by Dunnett’s 
test). 

Conclusion: Preliminary evidence suggests that patients with 
urinary incontinence do not appear to have any significant 
subclinical abnormalities in anorectal motor function and are 
therefore not at increased risk of developing faecal incon- 
tinence in later life. 


Major surgery drives a systemic proinflammatory T-cell 
response 


K. J. Sweeney, M. R. Kell, C. Coates and J. V. Reynolds 
Department of Clinical Surgery, St James's Hospital, Dublin, 
Ireland 


Background: The authors have demonstrated previously that 
major surgery results in activation of the adaptive immune 
system. This study investigated the mechanism of T-cell 
activation and pattern of response to injury. 

Methods: Isolated peripheral blood mononuclear cells 
(PBMCs) and serum samples were obtained from 25 patients 
before operation, 24h after operation and 1week following 
major upper gastrointestinal surgery. Patients’ PBMCs were 
stimulated with staphylococcal enterotoxin B, and cytokine 
enzyme-linked immunosorbent assay was performed for 
interleukin (IL) 2 and IL-10 on the 48-h supernatants. 
PBMCs from healthy volunteers were incubated with patients’ 
serum alone or with serum in the presence of cytotoxic T 
lymphocyte-associated antigen (CTLA) 4 chimera, a potent 
inhibitor of antigen presentation, and CD69 expression on 
CD3* T cells was assessed by flow cytometry. 

Results: IL-2 production increased significantly 24h and 
1 week after operation (P< 0-05, Kruskal-Wallis test). There 
was no change in IL-10 production throughout the study 
period (P=0-13, Kruskal-Wallis test). Postoperative serum 
activated healthy volunteer T cells; this activation was 
prevented by CTLA-4 (see Table). 






_ Preop. 


PBMCs 0601) 
PBMCs+CTLA-4 —1.9(0.5) 


Values are mean(s.e.m.) percentage of CD3* cells expressing CD69 
following 24h incubation with serum. *P<0-05 versus preoperative serum 
incubation (analysis of variance) 


Conclusion: T-cell activation following major surgery occurs 
via an antigen presentation mechanism. The postoperative T- 
cell response is proinflammatory, suggesting a role for the 
adaptive immune system in the development of postoperative 
systemic inflammatory response syndrome. 
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Factors that may Influence splenic autotransplantation 
and regeneration 


R. E. Power, E. Kaye, C. J. Kelly and D. Bouchier-Hayes 
Department of Surgery, Beaumont Hospital, Dublin, Ireland 


Background: Splenectomy, elective or traumatic, leads to a 
lifelong risk of developing fatal overwhelming postsplenect- 
omy infection. However, even with the well documented ability 
of the spleen to regenerate and the simplicity of carrying out the 
procedure, intentional splenic autotransplantation appears not 
to be a widely undertaken procedure. It was postulated that 
splenic regeneration would be promoted by angiogenic 
stimulation. 

Methods: Twenty-seven male Sprague-Dawley rats were 
splenectomized and 50 per cent of the spleen was reimplanted 
into the greater omentum. Group 1 animals (n = 9) received no 
stimulus; in group 2 (7 =9) the implanted spleen was sutured 
into omentum; and in group 3 (n= 9) the implanted spleen was 
injected with 500 ug human recombinant vascular endothelial 
growth factor VEGF® (Genentech, San Francisco, CA, USA). 
The clearance of Howell-Jolly bodies was observed. Each 
animal was killed at 12 weeks; the retrieved spleen was weighed 
and examined histologically. 

Results: A higher rate of splenic regeneration was seen in group 
1 animals (P = 0-0006). Histologically the tissue examined from 
rats in group 1 was architecturally sumilar to normal function- 
ing spleen, whereas tissue specimens from groups 2 and 3 
consisted of less lymphoid tissue and many inflammatory 
changes. Improved clearance of Howell—Jolly bodies was also 
demonstrated from peripheral red blood cells of samples from 
group 1 animals (P=0-0009). 

Conclusion: The blood supply to regenerated spleen is not as 
good as that to normal spleen on a weight to weight basis, and 
the intention was to demonstrate better rates of splenic 
regeneration and a better quality of splenic architecture by 
utilizing two angiogenic factors. In demonstrating the con- 
verse, the authors showed excellent splenic regeneration in 
group 1 animals and therefore believe that, as the procedure of 
splenic autotransplantation is quite simple and theoretically 
confers possible benefits, it should be part of common surgical 
practice until disproved. 


Alternative to prophylactic antibiotics to reduce 
infection In clean wound surgery 


B. Ali, A. Melling and D. J. Leaper 


Professorial Unit of Surgery, North Tees General Hospital, 
Stockton-on-Tees, UK 


Background: ‘The incidence of wound complications, and 
infection in particular, after clean surgery is higher than 
generally considered acceptable. Use of prophylacne anti- 
biotics in this group is also debatable. 

Methods: In this prospective controlled clinical study, patients 
undergoing clean surgery (principally breast, hernia and 
varicose veins) were randomized ito three groups. One 
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received standard care, another was locally warmed using the 
Warm-up® device (Augustine Medical, Eden Prairie, MN, 
USA) and the third group was warmed systemically with the 
Bair-Hugger® (Augustine Medical, Eden Prairie, MN. , USA). 
Warming was delivered for 30-60min immediately after 
operation. Measurements included local skin and core tem- 
perature, capillary flow using laser Doppler flowmetry and 
transcutaneous oxygen both before and after warming and 
following surgery. Postoperative evaluations were performed 
by a blinded observer using a diary and scoring system. 
Results: Three hundred patients have been recruited, of mean 
age 50 years and body mass index 25. There were 171 women 
(57 per cent). Some 261 patients (87 per cent) were operated on 
in the day-case unit and 39 (13 per cent) in the main theatre. 
Wound complications were as follows: nine (3 per cent) 
developed a wound haematoma (five ın the standard group, 
three in the Warm-up group and one ın the Bair-Hugger 
group). There were seven seromas in the standard group, six in 
Warm-up group and three in the Bair-Hugger. Wound 
infection was diagnosed in 16 (16 per cent) of 102 in the 
standard group, two (2 per cent) of 101 in the Warm-up group 
and five (5 per cent) of 97 in the systemically warmed group 
(P< 0-001 and P<0-019 respectively, x? test). Most complica- 
tions were wound abscesses. Four patients receiving prophy- 
lactic anubiotics developed wound infection and 16 in the 
group not given prophylaxis had infection (P= 0-72, %? test). 
Conclusion: Warming significantly reduces the risk of wound 
infection, and prophylactic antibiotics appear to make no 
significant difference. Warmmg may be an alternative to 
antibiotic prophylaxis. 


Phosphodiesterase Inhibitors mediate relaxation of 
human Internal anal sphincter /n vitro: a possible 
therapy for the treatment of anal fissure 


O. M. Jones, A. F. Brading and N. J. McC. Mortensen 
Department of Pharmacology, Oxford and Jobn Radchffe 
Hospital, Oxford, UK 

Background: The second messengers, cyclic adenosine 5’- 
monophosphate (cAMP) and cyclic guanosine 5’-monophos- 
phate (cGMP), play central roles in a range of signal 
transduction pathways, including smooth muscle relaxation. 
Their levels are tightly regulated both in terms of production, 
by adenylyl and guanylyl cyclase respectively, and of hydrolysis 
by phosphodiesterases (PDEs). Eleven families of PDE have 
been identfied and specific inhibitors might provide a novel 
means of overcoming the spasm of the internal anal sphincter 
(IAS) associated with anal fissure. 

Methods: IAS tissue was obtained from three patients (two 
men; age range 45—5S6years) undergoing proctectomy or 
abdominoperineal excision of the rectum. Strips of distal IAS 
were cut with the aid of a dissecung microscope, mounted in a 
superfusion organ bath under 1 g of tension and superfused 
conunuously with Krebs’ solution at 37°C. Cumulative dose- 
response curves were constructed for each inhibitor in turn by 


www.bys.co.uk Bnush Journal of Surgery 2001, 88, 733-766 


752 SRS abstracts 


the addition of increasing concentrations in the superfusate. 
Changes in tone were recorded relative to Krebs’ solution 
containing no calcium. 

Results: 


ro Maximum reduction 1Cso 










Ín tone (%)* (umol) 
-Vinpocentine 44182) 49 
„EH 46968) 25 
56-9(14-3) 0:0013 
59-4(6-3) 78 
; A 5,6,9 73:9(4-4) 0.64 
Dipyridamole: 5, 6,8, 10,11 76-1(6-6) Ba 
*Values are mean(s.e.m.). EHNA, erythro-9-((2-hydroxy-3-nonyl)adenine. 


ICs, 50 per cent inhibitory concentration 


Conclusion: The PDE inhibitors are a potential new class of 
therapeutic agent for the treatment of anal fissure. Further 
work is necessary to establish tissue and subcellular expression 
of the PDE subtypes in the different muscle groups of the anal 
sphincter complex to allow targeted pharmacological manip- 
ulation. 


Development of a valid and reliable instrument for 
objective assessment of appropriateness of surgical 
bed occupancy 


A. Alijani, G. B. Hanna, D. Ziyaie, K. L. Campbell and 

A. Cuschieri 

Department of Surgery, Ninewells Hospital and Medical School, 
Dundee, UK 

Background: The recent national beds enquiry found subjective 
evidence of significant inappropriate use of acute hospital beds. 
The aim of this study was to develop a research tool for 
objective assessment of appropriateness of surgical bed 
occupancy. 

Methods: Twenty-four objective criteria related to patient 
condition, surgical intervention and nursing care were 
incorporated into an instrument. If any one of the criteria 
was met, the patient’s stay was judged appropriate; if none was 
met, the stay was judged inappropriate. The instrument was 
modified after initial testing on 40 patients. The reliability and 
validity of the instrument were then studied on 100 randomly 
selected patients (median age 70 (interquartile range 55- 
81) years) on a general surgical unit over a 3-month period. 
Two research fellows used the instrument separately on the 
same day to assess each patient’s appropriateness of stay. Inter- 
assessor reliability of the instrument was measured by the 
extent of agreement between the research fellows. A committee 
of three consultant surgeons blind to the criteria assessed the 
patients on the same day as the two researchers. The 
consultants made a collective decision on each patient’s 
appropriateness of stay based on clinical judgement. The 
degree of agreement between the consultants’ decision (‘gold 
standard’) and the instrument was used as a measure of validity 
of the instrument. 
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Results: The instrument had 89 per cent (k=0-75) inter- 
assessor reliability and 88 per cent (K = 0-69) validity. It rated 
inappropriate bed occupancy as 31 (31 per cent) of 100. 
Conclusion: The authors have developed a valid and reliable 
tool for objective assessment of appropriateness of surgical bed 
occupancy 


Reoperation rates after 20 752 inguinal herniorrhaphies 


M. Bay-Nielsen, H. Kehlet for the Danish Hernia Data 
Base Collaboration 

Department of Surgery and Gastroenterology, Hvidovre 
University Hospital, Hvidovre, Denmark 

Background: In large-scale descriptive studies, 10-20 per cent 
of all hernia repairs are for recurrence. Available evidence 
regarding type of repair versus recurrence rates are from hernia 
specialist centres or from surgeons with a special interest in 
hernia surgery, and nationwide data on recurrence rates and 
treatment strategies are not available. 

Methods: Prospective recording was undertaken of inguinal/ 
femoral herniorrhaphies in the national Danish Hernia Data 
Base, in a population of 5 million inhabitants, using reopera- 
tion rates as a proxy for recurrence. 

Results: 






Sutured posterior wi 








-Anterior mesh repair 11 (0913): 
Laparoscopic repair = 1-4 (0-5-3-0) 


Values in parentheses are 95 per cent confidence intervals 


Conclusion: Nationwide epidemiological data from more than 
20000 herniorraphies show a lower rate of reoperation after 
mesh repair, compared with conventional sutured repair 


(P<0.05). 


A P-POSSUM type risk model that includes 
non-operative patients 


M. S. Whiteley’, D. R. Prytherch, B. Higginst, 

P. C. Weaver, W. G. Prout and S. J. Powell 

Portsmouth Hospitals and +University of Portsmouth, 
Portsmouth and *Royal Surrey County Hospital, Guildford, UK 


Background: It is becoming unacceptable to practise surgery 
without the collection of outcome data. However, the non- 
operative surgical patient is often forgotten in this process. 

Methods: POSSUM (Physiological and Operative Severity 
Score for the enUmeration of Mortality and morbidity) data 
were collected on 35110 general surgery admissions over 
5.5 years, of which 10255 patients (29 per cent) underwent no 
operation but accounted for 35 per cent of the deaths. The data 
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were subjected to P-POSSUM analysis. As this requires 
operative risk factors, the non-operative patients could not be 
included. To overcome this, the P-POSSUM methodology 
was applied to the physiological data alone, producing 
logistical regression models of outcome (mortality and 
morbidity). 

Results: A risk model based only on physiological data was 
obtained which successfully predicted mortality in the non- 
operative patients. Interestingly, this was also successful in 
predicting mortality in the operative patients. (A similar risk 
model was successful in predicting morbidity in the operative 
patients.) Goodness of fit of the models was assessed with the 
Hosmer—Lemeshow method. This is a null hypothesis test: 
P<0-05 indicates a significant lack of fit, and vice versa. Results 
obtained some 5 years after the data from which the model was 
formed are typical of the fits obtained: operative patients, 
X =7-10, 4 d.f, P=0-131; non-operative patients, x? = 7-05, 4 
d.f., P= 0-13; all admissions, x? = 3-15, 4 d.f., P=0-53. 
Conclusion: The POSSUM physiological data set alone was 
shown successfully to model outcomes in non-operative as well 
as operative patients, and as such could form the basis of a 
hospital-wide Clinical Minimum Data Set, and perhaps could 
be used to optimize the choice of time of operation. 


Monitoring blood loss with near-infrared spectroscopy 


F. Torella, R. Cowley*, C. N. McCollum and 

M. S. Thorniley* 

Academic Surgery Unit, South Manchester University Hospital, 
and “Department of Instrumentation and Analytical Sciences, 
University of Manchester Institute of Science and Technology, 
Manchester, UK 


Background: The decision to transfuse blood is currently based 
on vague clinical criteria. As blood loss in experimental models 
relates to increased tissue oxygen extraction on near-infrared 
spectroscopy (NIRS), NIRS was evaluated as a possible 
transfusion trigger. 

Methods: Regional haemoglobin saturation in the brain (Cs0); 
left frontal area) and left calf (PsO2) was measured with an 
INVOS® 4100 oximeter (Somanetics, Troy, MN, USA). A 
Critikon 2001 Cerebral Redox Model Johnson and Johnson, 
New Brunswick, NJ, USA) was used to measure total (tHb), 
oxygenated (O2Hb) and deoxygenated (HHb) haemoglobin 
from the right calf in ten blood donors before, during and after 
blood collection (470 ml). Donor blood volume was calculated 
from height and weight. Haemoglobin and blood pressure 
were measured before and after collection. Statistical analysis 
was by repeated-measures analysis of variance, paired t test and 
linear regression. 

Results: Donors lost a mean of 10 (range 8-14) per cent blood 
volume. Haemoglobin fell from a mean(s.d.) of 140-7(12-7) to 
133.6(11-6) gI! (P= 0-044) but blood pressure did not change. 
During collection, CsO2 and Ps0; fell by a mean of 1-2 (95 per 
cent confidence interval (c.i.) — 1 to 3-4) and 2-0 (0-2-3-8) per 
cent respectively. After collection, the oxygenation index 
(HbD = O2,Hb-—HHb) fell by a mean 7-6 (95 per cent cu. 
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0-8-14-4), but tHb did not change. There was no recovery by 
10 min. Linear regression showed agreement between the fall 
in Ps02 after blood collection and volume loss (r= 0:7, adjusted 
R? =0-42, P=0-025). 

Conclusion: Psoz on NIRS relates to blood loss and it may be 
possible to identify a point of maximal oxygen extraction when 
blood transfusion is required to prevent tissue hypoxia. 


Gastrin gene activation: an early event In the adenoma— 
carcinoma sequence that may be linked to a mutation In 
the APC gene 


A. M. Smith and S. A. Watson 

Cancer Studies Unit, University of Nottingham, Nottingham, 
UK 

Background: Gastrin is an autocrine growth factor for color- 
ectal adenocarcinomas and is expressed in early colonic 
adenomas at the gene and protein level. Gastrin promotes 
carcinogenesis in the AP mouse model of familial 
adenomatous polyposis coli (FAP). 

Methods: Gastrin expression was assessed in polyps from 
patients with FAP and APC™* mice by immunohistochem- 
istry. Temporal gastrin gene expression was measured in the 
HT?29 cell line, with a zinc-inducible APC gene, by real-time 
polymerase chain reaction, using the fluorescent dye, SYBR 
green. Gastrin neutralization induced by G17 : DT antibodies 
was evaluated on survival and tumour burden of the APC™” 
mouse. 

Results: Gastrin peptides were expressed in the epithelial cells 
of polyps from both humans and mice with FAP. HT29 cells 
autonomously express high levels of gastrin messenger RNA, 
which were reduced by 70 per cent following induction of the 
wild-type APC gene expression within the cells. G17: DT 
antibodies, which neutralize autocrine forms of gastrin, 
increased the 50 per cent median survival from 84 to 113 days 
(P= 0.0001, log rank test) and reduced large intestinal tumour 
burden by 40 per cent (P= 0-007, analysis of variance). 
Concluston: De novo activation of gastrin within epithelial cells 
is an early event in the adenoma-carcinoma sequence and may 
be the result ofa mutation in the APC gene. Confirmation ofits 
role in colonic carcinogenesis suggests the need for early 
intervention in high-risk patients. 


Identification of the lsoform-specific vascular 
endothellal growth factor receptor, neuropilin 1, and 
enhanced vascular endothellal growth factor 
production in colorectal carcinoma 


J. R. Easterbrook, J. Greenman, J. N. E. Ashman, 
A. W. MacDonald and J. R. T. Monson 


University of Hull Academic Surgical Unit, Hull, UK 

Background: A novel vascular endothelial growth factor 
isoform-specific receptor (VEGFj¢5), which is identical to 
neuropilin (NP) 1, is thought to regulate VEGF-induced 
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angiogenesis. This study was designed to investigate whether 
the expression of NP-1 in human colorectal carcinoma effected 
local VEGF production and influenced overall survival. 
Methods: Sixty-six paraffin-embedded colorectal tumour biop- 
sies from different patients were subjected to trypsin retrieval 
and stained with anti-VEGF and anti-NP-1 monoclonal 
antibodies by standard immunohistochemistry. VEGF stain- 
ing was analysed at X 400 magnification with a microscope- 
based image analysis system (CAS 200; Becton Dickinson, 
Franklin Lakes, NJ, USA) and two investigators graded NP-1 
staining as positive or negative. Statistical analysis was 
performed with the Mann-Whitney U test and a Cox 
proportional hazards model for survival. 

Results: Some 35 per cent of tumours stained positive for NP- 
1. The median percentage positive staining for VEGF was 
significantly higher in the NP-1* tumours compared with the 
NPI” tumours: 59 versus 50 per cent (P= 0-002). Following 
multivariate analysis, lymph node status and intratumoral 
VEGF concentration were both found to be significant 
prognostic factors for disease recurrence (P=0-0018 and 
P=(.0292 respectively) and overall survival (P=0-0004 and 
P =0.0239). Sex, age, tumour site, histology and tumour depth 
were not significant prognostic indicators in multivariate 
analysis. 

Conclusion: This study demonstrates that NP-1 expression in 
colorectal carcinoma is associated with an overproduction of 
intratumoral VEGF and a reduced disease-free and overall 
survival time. It is suggested that NP-1 might therefore be a 
candidate for targeting by antiangiogenic immunotherapy. 


Matched case-control study of adenomatous polyps 
and N-acetyltransferase genotype 


C. P. Macklin*++, T. Cecil*, M. Watson", J. H. Barrett?, 
R. Edwards*, W. Atkin*, D. T. Bishop? and P. J. Finan 
“Imperial Cancer Research Fund and Medical Research Council 
FlexiScope Trial, * Imperial Cancer Research Fund Department 
of Genetic Epidemiology, Leeds and ¥Centre for Digestive 
Diseases, General Infirmary, Leeds, UK 


Background: N-acetyltransferase (NAT) fast acetylator pheno- 
type expressed by genes NATI and NAT2 has been associated 
with colorectal cancer. This study investigated the relationship 
between NAT, diet and adenomas in a population-based 
sample of patients attending for flexible sigmoidoscopy 
screening as part of the FlexiScope Trial. 

Methods: Patients with adenomatous polyps (cases) were 
compared with those with no polyps (controls), matched by 
sex, age and general practitioner. Subjects were genotyped for 
NATI and NAT? and were assigned fast or slow phenotype 
according to published guidelines. The effect of NATI and 
NAT? phenotype on risk of developing adenomatous polyps 
was examined by means of conditional logistic regression on 
the matched pairs of cases and controls. 

Results: Some 332 matched pairs were identified in Leeds; 27 
per cent of patients overall were fast acetylators for NATI and 
39 per cent for NAT2. The phenotypes were not independent, 
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and 51 per cent of patients were fast acetylators at one or other 
locus. 










Fast acetylator ae Odds ratio ol ope 

NATI -14:20 (0-82-1.73) 

NATZ: 1:40 (1.02-1.92) 0-04 

NATT or NAT2 4-48 (108-202) 0-02 4. 


Values in parentheses are 95 per cent confidence intervals 


A further 624 cases and 683 controls were also available from 
other areas of the screening programme in Norwich and 
Portsmouth. The collaborative data showed no evidence of an 
association with NAT (odds ratio 1-03 (95 per cent confidence 
interval 0-83—1-28)) or NAT2 (1-11 (0-92—1-35)). 

Conclusion: Both NATI and NAT2 show activity in the 
intestine, and these results suggest that fast acetylation from 
either enzyme may increase the risk of adenoma. The variation 
in relative risk across centres may be due to differences in 
exposure to environmental factors such as diet and smoking. 


Influence of mismatch repair and p53 status on genetic 
aberrations as detected by comparative genomic 
hybridization 


B. J. Mehigan, L. Cawkwell*, K. J. Bedford*, R. P. Baker, 
J. N. Ashman, J. Greenman and J. R. T. Monson 
Academic Surgical Unit and “Academic Department of Oncology, 
University of Hull, Castle Hill Hospital, Hull, UK 


Background: Previous work has demonstrated that colorectal 
primary tumours have a very heterogeneous genotype as 
assessed by comparative genomic hybridization (CGH) with a 
wide spectrum of recognized and novel aberrations. Defects in 
the mismatch repair (MMR) genes and alterations in the p53 
tumour suppressor gene are known to contribute to different 
phenotypes of colorectal carcinogenesis; however, their impact 
on genotype remains undefined. 

Methods: CGH was performed on tumour DNA samples and 
immunohistochemical analysis was used to determine expres- 
sion of the MMR genes bMLHAI and bMSH2, and p53 protein 
expression on tumour and adjacent normal tissue. 

Results: Forty-nine tumours were studied with follow-up 
available over a median (range) of 42 (26-55) months. 
Tumours demonstrated 4 (0-19) amplifications and 7 (0-15) 
deletions. p53 was overexpressed in 23 tumours (47 per cent) 
and was associated with impaired survival (P = 0-045, log rank 
test). Six tumours demonstrated MMR deficiency (five 
hMLH1), only one of which came from a proband with 
hereditary non-polyposis colorectal cancer. All MMR-defec- 
tive tumours were p53 positive and right sided. p53-positive 
tumours had more aberrations than p53-negative ones (median 
(range) 15 (1-36) versus 8 (0-30), P= 0-04, Mann-Whitney U 
test). MMR-defective tumours had only 4 (0-8) aberrations, 
significantly less than p53-positive (P=0-003) and p53- 
negative/MMR intact tumours. There was no difference in 
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number of aberrations between p53-positive and p53 -negative/ 
MMR intact tumours. Amplification at 8q21 was found in 
seven of 20 p53-negative/MMR intact tumours versus 16 of 23 


2 


p53-positive tumours (P=0.023, y° test). Amplification of 
12q13-15 was found in nine of 20 versus four of 23 tumours 
respectively (P = 0-048) and amplification of 13q21-22 in eight 
of 20 versus 18 of 23 (P=0-01). 

Conclusion: MMR-defective tumours demonstrate minimal 
chromosomal aberrations on CGH. Furthermore, tumours 
that are p53 negative with an intact MMR gene profile have as 
many aberrations as p53-positive tumours and demonstrate a 
number of specific chromosomal aberrations worthy of further 
investigation. 


Role of 3q gain in solid tumour formation 


R. L. Loveday, J. N. E. Ashman, B. J. Mehigan, C. Rogers, 
C. G. Grundy, N. D. Stafford, J. Greenman and 

J. R. T. Monson 

Academic Surgical Unit, University of Hull, Hull, UK 


Background: 3q has often been identified as a region of copy 
number change in solid tumours. The aim of this study was to 
identify the incidence and clinical significance of 3q gain in a 
range of solid tumours. 

Methods: Sixty-seven breast, 50 colorectal, and 38 head and 
neck tumours were analysed by comparative genomic hybri- 
dization (CGH). CGH is based on the competitive hybridiza- 
tion of two differentially labelled DNA samples to normal 
metaphase spreads. All tumours were graded according to 
standard Union Internacional Contra la Cancrum (UICC) 
criteria, 3q gain was studied in relation to standard prognostic 
markers by means of Fisher’s exact test or the x? test for trend. 
Results: 3q gain was identified in 18 (27 per cent) of 67 breast 
tumours, and correlated with grade (P=0-0061) and 
Nottingham Prognostic Index (P=0-0062). A subset of 40 
breast tumours was analysed for telomerase activity using the 
Telomeric Repeat Amplification Protocol (TRAP assay; 
Boehringer Mannheim, Mannheim, Germany). 3q gain was 
found to correlate with tumours with high-level telomerase 
expression (P= (0-019). In head and neck tumours 3q was the 
most common gain identified, occurring in 61 per cent (23 of 
38) of the tumours. The gain did not, however, correlate with 
any prognostic markers. In the colorectal tumours 3q gain was 
identified in 22 per cent of tumours (11 of 50), and was not 
found to correlate with any prognostic markers. In each tumour 
type the 3q gain encompassed the 3q23-26 loci; to date, no 
oncogenes have been reported at this region. 

Conclusion: These results confirm the importance of 3q gain in 
solid tumours, identifying the 3q23-26 loci as the region of 
interest. The 3q gain occurred at a similar frequency in breast 
and colorectal tumours, and at a higher frequency in head and 
neck tumours, although clinical significance was identified only 
in breast tumours, indicating that the role of 3q gain is different 
between tumour types. 
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Phase | study of photodynamic therapy using 
temoporfin in patients with advanced colorectal cancer 


I. M. Hoh, M. F. Grahn, S. F. Purkiss and N. § 5. Williams 
St Bartholomew's and the Royal London Hos pital § i 
Medicine and Dentistry, London, UK 










Background: Photodynamic therapy (PDT) uses 
and a tumour-localizing photosensitizer to destroy 
tissue. Temoporfin is a new and possibly more 
photosensitizer. Its safety and efficacy for PDT were assessed in 
patients with advanced colorectal cancer. 

Methods: Seven treatments were given to men of mean age 56-4 
(range 46-72) years with rec urrent advanced colorectal carci- 
noma. Temoporfin 0-15 mg kg! was administered intrave- 
nously followed by subsequent light delivery at 652 nm from a 
diode laser. Direct interstitial PDT GPDT) to ten liver 
metastases from a cylindrical 2-cm light diffuser at « f 
50-100J cm” was performed. One patient receive 
intraoperative PDT to a tumour bed. 

Results: Following PDT the 30-day mortality 
Two patients suffered hepatic pain after PD’ 
hepatic bleeding from the optical fibre puncture sites. N 
photosensitivity occurred. Seven hepatic metastas 
PDT treatments were evaluated with computed ton 
before and after IPDT. Following IPDT, negati 
growth was observed in three metastases. The mean hie 
of liver metastases (7 = 7) after IPDT was 4.79 (range 
to 6-6) arbitrary units, and was reduced comp i 
before treatment (7-05 G-5~11-0) arbitrary units) 
difference was not statistically significant (paired ¢ test). 
Conclusion: This study demonstrates that PDT using 
porfin can be administered safely with no skin photosensi 
reactions. Treatment complications do occur but are rel 
the surgical aspect of the treatment. Biological efficacy is 
confirmed by reduced growth of hepatic color 





ective 











an f 














viry 


ated to 









tal metastases. 


Molecular basis of aspirin-induced apoptosis in 
colorectal cancer 


F. V. N. Din, L. A. Stark and M. G. Dunlop 
Department of Oncology, University of Edinbu 
UK 


Background: Aspirin appears to protect against 
cancer (CRC) and so elucidation of the molecular basis of the 
effect will inform the design of novel chemoprevention agents. 
As nuclear factor (NF) KB regulates the transcription of several 
cellular proliferation and apoptosis genes, and deran iged NF- 
KB signalling has also been observed in cancer 
that aspirin induces apoptosis by modulating NF 
was tested. 

Methods: CRC cell lines (#=8, including an HRTI8 clone 
expressing mutant I-KB which resists degradation, thereby 
preventing nuclear entry and activation of NF-«B) and ne 
colonic cell lines (7 = 6) were treated with aspirin 0-10 mmol I7 
for 24h. Cells were counted and the apoptotic fraction was 





colorectal 
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assessed with annexin V and acridine orange. Cytoplasmic and 
nuclear protein extracts were analysed by Western blotting for 
I-«B levels and gel-shift assays for nuclear NF-«B. Cytoplasmic 
I-kB was measured in extracts from rectal cancer biopsies 
before and after aspirin treatment. Statistical analysis was by 
paired ¢ test and correlation. 

Results: Aspirin had no effect in non-colonic lines, but did 
induce a dose-dependent reduction in the cell viability of all 
CRC lines (P< 0-05), paralleled by proportionate increases in 
apoptosis. Mean 50 per cent lethal concentration in CRC lines 
was 3-56 (range 2-19-5-3)mmoll™’. Aspirin induced dose- 
related degradation of I-kB specifically in CRC lines (P< 0-05), 
correlating with decreased cell viability (r= 0-9) and NF-KB 
nuclear translocation. I-xB degradation, NF-KB nuclear 
translocation and apoptosis were abrogated in HRT18 cells 
expressing mutant I-«B, confirming that I-«B degradation 1s 
required for aspirin-induced apoptosis. I-xB degradation was 
also observed after aspirin treatment in rectal cancer biopsies. 
Conclusion: Aspirin induces apoptosis specifically in CRC cells 
by inducing I-xB degradation and NF-KB nuclear transloca- 
tion. The clinical studies in patients with rectal cancer 
demonstrate that aspirin modulates NF-«B signalling m vivo, 
thus identifying new targets for research in colorectal cancer 


chemoprevention. 


Upregulation of Fas/FasL (CD95/CD95L)-medlated 
epithelial apoptosis: a novel therapeutic target In 
pouchitis 


J. C. Coffey, M. W. Bennett*, J. H. Wang, P. Neary, 

J. O’Connell*, F. Shanahan*, H. P. Redmond and 

W. O. Kirwan 

Departments of Academic Surgery and “Medine, Cork 
University Hospital, Cork, Ireland 

Background: Pouchitis causes considerable morbidity in 40 per 
cent of patients with ileal pouch-anal anastomosis. A role was 
postulated for increased epithelial apoptosis in the aetiology of 
pouchitis. 

Methods: Following ethical approval two groups were re- 
cruited. Group 1 (n= 12) comprised patients known to have 
pouchitis, and patients in group 2 (n= 12) were pouchitis-free. 
Cell surface fatty acid synthase ligand (FasL) was detected 
immunohistochemically. Cytoplasmic caspase activity was 
detected by means of a monoclonal antibody (M30). 
Terminal deoxyribonucleotidyl transferase-mediated dUTP 
(2’-deoxyuridine 5’-triphosphate) nick end labelling 
(TUNEL) identified DNA fragmentation. Villous atrophy 
(epithelial surface length/lamina propria surface area) was 
assessed histologically and correlated with apoptosis. Means 
were compared with the Wilcoxon rank sum test. 

Results: A significant increase in epithelial TUNEL, M30 
immunoreactivity and villous atrophy was seen in patients in 
group 1. Upregulation of FasL was characteristic of this 
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epithelium. Increased epithelial apoptosis correlated with 
increased villous atrophy. 
















Group 1 


7 Ae Group 2 
ge 1 (pouchitis) 


(no pouchitis) 









TUNEL (apoptotic index) 0 091(0 048) 0-0357(0-007)* 
M30 (apoptotic index) 0-225(0:05) 0-082(0:03)", 
Villous atrophy (Inverse ratio) 0-035(0 005) _0-10(0 031) 








Values are mean(s.e.m ). *P<0 01, tP<0 05 versus group 1 (Wilcoxon 
rank sum test) 


Conclusion: These findings implicate Fas/FasL-induced apop- 
tosis in pouchitis and introduce caspase inhibition as a novel 
therapeutic paradigm in this condition. 


Molecular detection of lymph node metastases In 
patients with colorectal cancer 


S. A. Siddiqui, V. G. Gyselman, N. S. Williams, S. A. Bustin 
and S. Dorudi 

Academic Department of Surgery, St Bartholomew’s and the 
Royal London School of Medicine and Dentistry, London, UK 


Background: The widespread use of reverse transcriptase- 
polymerase chain reacuon (RT-PCR)-based assays targeting 
tissue-specific markers does not identify the presence of cancer 
cells conclusively. This study aimed to correlate known tissue- 
specific markers with a tumour-specific alteration and improve 
current colorectal cancer (CRC) staging. 

Methods: All primary tumours were screened for K-ras 
mutations using restriction endonuclease-mediated selective 
polymerase chain reaction (REMS-PCR). RNA was extracted 
from fresh lymph nodes harvested from patients undergoing 
colorectal resection for CRC or benign disease and subjected to 
quantitative RT-PCR (TaqMan) analysis. Three tssue-spe- 
cific markers, carcinoembryonic antigen (CEA), cytokeratin 20 
(CK20) and guanylyl cyclase C (GCC), were quantified. 
Lymph nodes obtained from patients with K-ras-positive 
tumours were screened using REMS-PCR. 

Results: Seven of 23 primary tumours contained a K-ras 
mutation. GCC messenger RNA (mRNA) in histologically 
negative lymph nodes was associated with the detection of K- 
ras mutations, indicating the presence of genuine micrometa- 
static tumour cells. In these same lymph nodes, levels of CEA 
and CK20 mRNA were also illegitimately transcribed at high 
levels in 80 per cent of control lymph nodes. Conversely, only 
two of 101 control lymph nodes contained GCC mRNA. 
Conclusion: In contrast to CEA and CK20, GCC mRNA in 
lymph nodes indicates the presence of genuine tumour cells, as 
confirmed by the finding of synchronous K-ras mutations. 
Quantitative detection of GCC mRNA may improve CRC 
staging, but the use of other tissue-specific markers needs 
caution. Certamly the presence of GCC mRNA potentially 
upstaged three of 19 No tumours, although the biological 
significance of this finding needs to be validated. 
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Overexpression of thrombomodulin inhibits 
proliferation and growth of human pancreatic 
adenocarcinoma cells 


T. R. Worthington, R. C. N. Williamson and A. K. Kakkar 
Department of Surgery, Imperial College School of Medicine, 
Hammersmith Hospital, London, UK 


Background: Thrombomodulin is an endothelial cell surface 
glycoprotein which modulates the anticoagulant functions of 
thrombin. Loss of expression of thrombomodulin is associated 
with metastatic phenotype in cancers of the breast and 
oesophagus. 

Methods: The human pancreatic cancer cell line MiaPaCa2 
was transfected with the full-length thrombomodulin gene in 
sense orientation by means of the lipofectin transfection 
method. Surface thrombomodulin expression was measured 
by flow activated cell sorter analysis, and absolute cellular 
thrombomodulin content with a standard enzyme-linked 
immunosorbent assay. Cell proliferation was determined over 
48h by thymidine incorporation assay, and iv vivo primary 
tumour growth by a standard immunodeficient mouse model 
after subcutaneous injection. 

Results: Transfection with the thrombomodulin gene in sense 
orientation resulted in a 50-fold increase in total cellular 
thrombomodulin content. Wild-type MiaPaCa cells (empty 
vector transfected) demonstrated a threefold greater prolifera- 
tion compared with thrombomodulin-transfected cell lines 
($026 versus 1764 counts per million cells; P=0-019). 
Moreover, tumours derived from thrombomodulin-overex- 
pressing cell lines grew more slowly in nude mice, with a mean 
of 180 days to first appearance of tumours and a further 88 days 
to subsequent killing of animals. Wild-type tumours reached 
these endpoints more rapidly, at 53 and 19 days (P= 0-01). 
Conclusion: These data indicate that thrombomodulin expres- 
sion is associated with slower proliferation and growth of 
human pancreatic carcinoma cells and heightens interest in its 
role in tumour biology. 


In vivo study of two new photosensitizers following 
interstitial photodynamic therapy of the liver 


M. F. Grahn, S. F. Purkiss, J. P. Rovers and N. S. Williams 
Academic Department of Surgery, St Bartholomew's and the 
Royal London School of Medicine and Dentistry, London, UK 


Background: Photodynamic therapy (PDT) uses visible light 
and a tumour-localizing photosensitizer to destroy cancer 
tissue. Two new photosensitizers, temoporfin and a newer 
compound meta-hydroxyphenyl bacteriochlorin (mTHBC), 
were assessed in vivo to determine biological activity. 

Methods: mT HBC was injected intravenously at doses of 0-15, 
0-3, 0-6 and 1-2 mgkg™! into two groups of two adult Large 
White pigs. Temoporfin was given at the dose of 0-15 mgkg™!. 
Interstitial PDT of the liver was performed 24h later. Six sites 
were irradiated at 740 or 652 nm ata light dose of 2-100J em” 
using a 2-cm cylindrical light diffuser at a power of 
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200mWem"', The treated areas were assessed 48h after 
irradiation by macroscopic assessment. 


Results: The volume of necrosis produced | 








one interstitial application of light. This was signific 
greater than the volume of necrosis of 1-8 (95 per cent ci, 
1-2-2-4) cm? achieved with temoporfin. The depth and volume 
of liver necrosis was dependent on both the m THBC dose and 
the light dose employed. A strong positive correlation between 
the extent of necrosis and the log of the light dose was observed. 
Conclusion: mTHBC is significantly more effective than 
temoporfin for interstitial PDT of the liver and represents 
the first demonstration of clinically useful volumes of liver 
necrosis produced by PDT applied using light from 
optical fibre. 





a single 


Hepatic-mediated lung injury induced by pancreatitis is 
attenuated by Kupffer cell immunomodulation 


C. J. Shields, D. C. Winter, L. Ryan, $. Seokhai and 

H. P. Redmond 

Department of Surgery, Cork University Hospital and National 
University of Ireland, Cork, Ireland 

Background: Hepatic amplification of the inflammatory state 
in patients with acute pancreatitis has be 
development of pulmonary injury. This study evalu: 
whether gadolinium chloride, an inhibitor of hepatic Kupffer 
cell activity, modulates the development of lung injury in 
patients with pancreatitis. 

Methods: Pancreatitis was induced in 16 Sprague~Da 
by intraperitoneal injection of 20 per cent L-arginine (50 
per 100g body-weight), eight of which had also received 
lOmgkg gadolinium chloride 24 and 48h before the 
induction of pancreatitis. Animals reeeived normal saline 
Qml kg!) at 24and 48 h. At 72 h, pancreas and hing 
pulmonary neutrophil infiltration (myeloperosic 
and endothelial permeability (bronchoalveolar 
wet: dry weight ratios) were assessed. Values a 
mean(s.e.m.); the Mann-Whitney U test was en 
statistical analysis. 

Results: Pulmonary neutrophil sequestration (2-0(0. 1) activity 
units/g) and increased endothelial permeability (1694. 3(460.5) 
&mgr;g/ml) were evident in the animals resuscitated with 
normal saline alone (P < 0-01). However, both parameters were 
significantly reduced in the animals receiving gadolinium 
chloride (P< 0-04). Lung injury score was also significantly 
diminished in the gadolinium chloride group (4-7(1-1) versus 
1-8(0-9); P= 0-03), whereas little difference was observed in the 
pancreatic injury score (5-3(1-3) versus S.1C-0)), 

Conclusion: Pancreatitis-induced lung injury is mediated, at 
least in part, by hepatic Kupffer cells, Administration of 
gadolinium chloride attenuates the pulmonary insult 
may be due to beneficial effects on Kupffer ceil 
modulation. 
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Patient education as part of a multifaceted strategy 
increases the detection of curable oesophagogastric 
cancer 


P. McCulloch, L. Williams and P. Brown 

Clinical Sciences Centre, University Hospital Aintree, University 
of Liverpool, Liverpool, UK 

Background: Survival from oesophagogastric cancer is deter- 
mined mainly by stage at diagnosis; most patients present with 
incurable disease. It was hypothesized that greater public 
awareness of potential cancer symptoms might improve early 
detection. A study was undertaken of the effect on stage 
distribution and resection rate of an intervention based on 
educational letters about cancer symptoms. 

Methods: All patients aged over 40 years in 12 general practices 
(approximately 37 000 patients) were sent an annual letter for 
3 years consecutively, asking them to report new symptoms of 
dyspepsia or dysphagia. General practitioners (GPs) were 
encouraged to refer these patients directly for gastroscopy. A 
control group (approximately 75000 patients), matched for 
social class and age, received no education. Cancer incidence, 
stage and resectability were estimated from cancer registry and 
hospital records. Follow-up was continued for 6 years. 
Results: Ninety-three cancers were detected in the study 
group, and 200 in the control group. Twenty-four (26 per 
cent) study and 30 (15 per cent) control patients had Union 
Internacional Contra la Cancrum (UICC) stage I-IIIA disease 
OC = 2-77, P< 0-1). 

Conclusion: Education of the public and involvement of the 
GP are associated with a 73 per cent increase in potentially 
curable cases of oesophagogastric cancer. This approach merits 
further large-scale study. 


Cytokeratin 7 and 20 immunostaining in intestinal 
metaplasia of the distal oesophagus in patients with 
gastro-oesophageal reflux 


C. J. Shearer, L. J. Neilson, C. Mackay, J. J. Going and 

R. C. Stuart 

University Departments of Surgery and Pathology, Glasgow 
Royal Infirmary, Glasgow, UK 


Background: Characteristic cytokeratin (CK) 7 and 20 im- 
munostaining patterns differentiate intestinal metaplasia (IM) 
in Barrett’s oesophagus from gastric IM; previous studies have 
shown 100 per cent concordance between patients with 
Barrett’s oesophagus and those with the Barrett’s CK7/20 
pattern, and between patients with gastric IM and those with 
the gastric CK7/20 pattern. Gastro-oesophageal reflux (GOR) 
disease is associated with IM of Barrett’s oesophagus, a 
premalignant condition, but less clearly with IM at the Z line 
in the absence of Barrett’s oesophagus. 

Methods: Fifty patients with 24-h pH studies included 34 with 
IM of the endoscopically normal Z line and 16 with IM in a 
short segment of Barrett’s oesophagus (SSB): mean 1-5em 
(Lem or more and 2.cm or less) columnar epithelium of the 
distal oesophagus with IM. Representative biopsies were 
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avidin-biotin-peroxidase complex immunostained for CK7 
(OV-TL 12/30, 1/1000; Dako, Ely, UK) and CK20 (Ks20.8 
1/500; Dako, Ely, UK) following microwave antigen retrieval. 
Results: Of 34 patients with an endoscopically normal Z line, 
ten of 14 had GOR disease and a Barrett’s CK7/20 pattern, 
whereas only 11 of 20 without GOR disease had the Barrett’s 
CK7/20 patzern. Of the 16 patients with SSB, nine of nine with 
GOR disease had a Barrett’s CK7/20 pattern, and only three of 
seven without GOR disease had a Barrett’s CK7/20 pattern 
(P =0-035, Fisher’s exact test). 

Conclusion: There is an association between GOR disease and 
Barrett’s CK7/20 phenotype in both SSB and IM of the 
normal-appearing Z line. It remains to be seen whether follow- 
up screening is required in these groups. 


Fasting gallbladder volume is increased after major non- 
gastrointestinal surgery 


P. V. Gallagher, S. T. Elliott* and R. M. Charnley 
Departments of Surgery and "Radiology, Freeman Hospital, 
Newcastle, UK 


Background: The formation of gallstones is increased after 
major surgery, including gastric and cardiac operations. 
Altered gallbladder motility may be a factor in allowing 
lithogenic bile to develop into a gallstone. 

Methods: Patients having aortic (v=7) and cardiac (#= 13) 
surgery had fasting gallbladder volume (a recognized indicator 
of gallbladder motility) measured before operation and after 
being established on a normal diet before discharge from 
hospital. Ultrasonography was used to make triplicate mea- 
sures of gallbladder dimensions. The mean of each dimension 
was used ta calculate gallbladder volume by the ellipsoid 
method. Local ethics committee approval of the study was 
obtained. 

Results: Preoperative fasting gallbladder volumes were com- 
parable in the two groups. Fasting gallbladder volume had 
more than doubled in the aortic group and tripled in the cardiac 
group. 









Preop. volume (ml) 
Diet commenced after. 


operation (days) = 
Ultrasonography performed 8 (5-4 
alter operation (days) — o 
Postop. volume (mì) 46:8 (32-0-1( 


Values are median (range). "P= 0-007, +P=0-001 versus preop. volume 
(Mann-Whitney U test) 


Conclusion: Despite taking diet, fasting gallbladder volumes 
are increased in patients undergoing non-gastrointestinal 
surgery until at least the time of discharge from hospital. 
Altered gallbladder motility following operation may cause 
stasis, resulting in an increased incidence of gallstones in these 
patients. 
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Evidence of a role for leukotrienes In chronic 
pancreatitis in humans 


M. T. Cartmell*}, D. A. O’Reilly*}, N. Cartwrightt, 

A. G. Demainet and A. N. Kingsnorth* 

Departments of “Surgery and +Molecular Medicine, Plymouth 
Postgraduate Medical School, Derriford Hospital and University 
of Plymouth, Plymouth, UK 


Background: Leukotrienes (LTs) are products of the lipo- 
oxygenase pathway and have a range of proinflammatory 
actions. To date they have been most studied in patients with 
chronic asthma. In addition their level is known to be raised in 
experimental acute pancreatitis and their antagonism has a 
beneficial effect. 

Methods: LTE, was assayed in the urine of 20 patients with 
chronic pancreatitis (CP) and in 17 healthy controls. Enzyme 
immunoassay was employed, with correction for urinary 
creatinine. In addition, the DNA of 57 patients with CP and 
of 60 normal controls was analysed to assess any association 
with a known polymorphism in the promoter region of the 
LTC; synthase gene. Allelic frequencies were analysed with the 
test of proportions, and urinary LTE, levels with 1, f and 
Mann-Whitney U tests as appropriate. 

Results: Mean urinary LTE, concentration was significantly 
higher in patients with idiopathic CP compared with healthy 
controls (P = 0-04). The ‘C allele of LTC, synthase was found 
in 46 per cent of chromosomes in patients with idiopathic CP, 
1n 23 per cent of those with alcohol-induced CP and in 31 per 
cent of control chromosomes (P=0-019, idiopathic versus 
alcohol-induced CP; P= 0-066, idiopathic versus control). 
Conclusion: The LT pathway is activated in human CP, most 
prominently in patients with idiopathic disease. This group 
also has an increased frequency of the predicted high- 
production allele of LTC; synthase. These data suggest a role 
for the LT pathways ın human CP and may warrant a tal of 
LT receptor antagonists (presently employed in patients with 
chronic asthma). 


Ability of G17-DT to ralse antibodies to G17 In patients 
with pancreatic carcinoma 


A. D. Gilliam, M. Henwood, B. J. Rowlands, 

L J. Beckingham and S.A. Watson 

Queen’s Medical Centre, University Hospital, Nottingham, UK 
Background: Gastrin is thought to play a major role in the 
growth of pancreatic carcinoma. Thereis, therefore, a potential 
benefit from the administration of an antigastrin immunogen, 
gastrin-17-diptheria toxoid (G17-DT), to patients with 
carcinoma of the pancreas. Jaundice causes immune dysfunc- 
tion that may affect the anubody response of patients with 
pancreatic carcinoma to G17-DT. 

Methods: Three human pancreatic tumour cell lines, Pan 1, 
MiaPaCa2 and BxPC3, were characterized with respect to their 
expression of cholecystokinin B/gastrin receptors (CCKBR) 
and gastrin messenger RNA by real-time polymerase chain 
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reaction analysis. G17-DT was administered to 26 patients 
with pancreatic carcinoma who were followed prospectively to 
assess G17 antibody production, side-effects and survival. 
These patients were both jaundiced and non-jaundiced. An 
immunoassay was performed to determine the ability of serum 
from G17-DT-immunized patents to inhibit iodinated gastrin 
from binding to CCKBRs on the rat pancreatic tumour cell line 
AR42J. Displacement was compared with that observed with 
rabbit antihuman G17 serum. 

Results: Gastrin and CCKBR expression was confirmed in all 
three cell lines at gene level. G17-DT was well tolerated. 
Antibody production was not affected by a raised serum 
bilirubin level. The immunoassay confirmed that antibodies 
raised by these patients to G17 are as effective at displacing 
iodinated gastrin from CCKBRs as rabbit antthuman G17 
serum. 

Conclusion: This study demonstrates that G17-DT is effective 
at raising an antibody response to G17 in both jaundiced and 
non-jaundiced patients and may play a major role in the 
adjuvant treatment of gastrin-sensitive pancreatic carcinoma. 


Interleukin 6 gene polymorphisms and the development 
of early organ dysfunction In patients with acute 
pancreatitis 


P. S. Chong, J. Eskdale, G. Gallagher, A. Buter, S. Evans, 
R C. Carter, C. W. Imrie and C. J. McKay 

University Department of Surgery, Glasgow Royal Infirmary, 
Glasgow, UK 

Background: Interleukin (IL) 6 is a pivotal proinflammatory 
cytokine with an established role in the development of organ 
dysfunction in patients with acute pancreatitis. The aim of the 
study was to determine the distribution of a G/C polymorph- 
ism at position — 174 of the IL-6 gene, to determine whether the 
G allele, which is associated with higher IL-6 production, is 
over-represented in patients who develop the severe form of the 
disease. 

Methods: Patients with clinical and biochemical acute pan- 
creatitis were included. The clinical course was charted 
prospectively by assigning multiple organ dysfunction syn- 
drome scores on admission and for the first 7 days. DNA was 
extracted from peripheral leucocytes, polymerase chain reac- 
tion was performed, and alleles were resolved on a 3 per cent 
agarose gel. 

Results: Sixty-three patients were included; 37 had no early 
organ dysfunction and 26 either presented with organ 
dysfunction or subsequently developed dysfunction within 
7 days of hospital admission. No significant difference was seen 
in the distribution of the allele in the two groups (P= 0-207, x’ 
test), and there was no difference in the frequency of the allele 
in patients with pancreatitis compared with controls. 
Conclusion: The G/C polymorphism at position — 174 of the 
IL-6 gene is not associated with the development of early organ 
dysfunction in patients with acute pancreatitis. 
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Bacterial wall products enhance tumour cell 
proliferation and activate tumour cells directly 


M. Doyle, J. H. Wang, Q. D. Wu and H. P. Redmond 


Department of Academic Surgery, National University of 


Ireland, University College Cork, Cork University Hospital, 
Cork, Ireland 


Background: Bacterial translocation and bacterial wall pro- 
ducts may enhance tumour growth following surgery for 
malignant disease. The direct effects of these products on 
tumour cells have not been investigated. The authors have 
shown previously that two ubiquitous bacterial wall products, 
endotoxin (lipopolysaccharide; LPS) and bacterial lipoprotein 
(BLP), enhance tumour cell proliferation, so they sought to 
determine the signal transduction pathways involved in this 
phenomenon. 

Methods: The human colorectal adenocarcinoma cell line 
SW480 was incubated with culture medium, BLP (0-01- 
iugml), LPS (0-01-lugml') or LPS+BLP (0-01- 
1+0-01-1 pg ml” 1) for 24h. Activation of nuclear factor (NF) 
xB was assessed by transfection of the luciferase reporter 
plasmid pNF-«B Luc Vector. The Renilla luciferase was used 
as an internal control. p38 kinase activity was assessed by 
Western immunoblotting. Proliferation was determined by 
bromodeoxyuridine assay. 


Resuits: 





NFB lucerifase activ y a ; 
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Values are mean(s.e.m.). *P< 0-05 versus culture medium (analysis of 
variance). RLU, relative light units 


Tumour cell proliferation was increased after treatment with 
BLP, LPS and LPS + BLP. This correlated with an increase in 
NF-«B and p38 kinase activation. 

Conclusion: Bacterial wall products enhance tumour prolifera- 
tion; this may be through activation of p38 kinase and NF- 
xB. These findings endorse a role for the gut in the 
development of postoperative metastasis and may identify 
new therapeutic targets. 


Pneumoperitoneum-induced tumour invasiveness is 
abolished by matrix metalloproteinase blockade 


P. A. Paraskeva, A. Smith, D. Peck and A. Darzi 

Academic Surgical Unit, Imperial College School of Medicine, 
St Mary’s Hospital, London, UK 

Background: Matrix metalloproteinases (MMPs) are impli- 
cated in tumour metastasis. Exposure to the carbon dioxide 
pneumoperitoneum used in laparoscopic surgery can increase 
postoperative tumour growth. The effects of the pneumoper- 
itoneum on MMP were examined, and correlated with tumour 
invasiveness. 
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Methods: Colonic (SW1222) and breast (MDA-MB231) ade- 
nocarcinoma cell lines were exposed to an į» vitro pneumoper- 
itoneum of carbon dioxide or helium at 3 mmHg or left in 
normal growth conditions (control). After 4h exposure the 
ability of the cells to invade through 8-0-um Transwell filters 
coated with Matrigel’ M (Becton Dickinson, Franklin Lakes, 
NJ, USA) was analysed by colorimetric MTS assay. The effects 
of adding a known blocker of MMP, 1,10-phenanthroline 
(1,10-P), were also investigated. 

Results: 


COs 

Helium 
Control+1,10-P 
CO24+1,10-P 
Helium + 1,10-P° 





103441) 


Values are mean invasion as a percentage of control. "P< 0-001, §P< 0-05 
versus control; tP <0-01 versus carbon dioxide; 4P < 0-01 versus helium 
(Tukey~Kraimer test) 


Conclusion: Exposure of adenocarcinomas to either a carbon 
dioxide or helium pneumoperitoneum causes increased cell 
invasiveness, which is abolished by the presence of an inhibitor 
of MMPs. This suggests that MMPs have an important role in 
the metastatic potential of tumours exposed to an adverse 
operative environment. 


Pathological response of breast cancers to primary 
docetaxel is predicted by human epidermal growth 
factor receptor 2 and oestrogen receptor status 


K. N. Ogston, I. C. Smith, S. Payne’, I. D. Miller*, 

A. W. Hutcheon}, T. Whitaker, T. K. Sarkar and 

S. D. Heys 

Departments of Surgery, “Pathology and +Oncology, University 
of Aberdeen, Aberdeen, UK 


Background: Expression of the human epidermal growth factor 
receptor (Her) 2 has been shown to predict the susceptibility of 
breast cancer to doxorubicin and resistance to cyclopho- 
sphamide therapy. Docetaxel is increasingly being used to 
enhance response rates. This study correlated Her-2, oestro- 
gen receptor (ER) and progesterone receptor (PR) expression 
with pathological response to primary docetaxel therapy. 
Methods: Core biopsy specimens were taken from 35 patients 
before they received primary docetaxel. Tumours were typed 
and graded, and immunohistochemical examination for Her-2, 
ER and PR protein expression was performed. Operative 
specimens following completion of chemotherapy were 
assessed to determine pathological response. 

Results: Univariate analysis revealed that ER negativity 
(P=0.023) and Her-2 positivity (P=0-023) distinguished 
patients with a complete pathological response. Multivariate 
analysis revealed that Her-2 positivity (P=0-045) and ER 
negativity (P=0-01) independently predicted which tumours 
would undergo a complete pathological response to docetaxel. 
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Conclusion: Breast cancers that express Her-2 oncoprotein 
and/or are ER negative can be identified as most likely to 
achieve a complete pathological response to primary docetaxel. 


['°F]fluorodeoxy-p-glucose positron emission 
tomography may predict the pathological response of 
breast cancer to primary chemotherapy 


E. Gardiner, K. Ogston, I. C. Smith, A. E. Welch, P. Sharp, 
A. W. Hutcheon, A. K. Ah-See, O. Eremin and S. D. Heys 
Departments of Surgery and Radiology, and the Jobn Mallard 
Scottish PET Centre, University of Aberdeen, Aberdeen, UK 


Background: The aim of the study was to determine whether 
positron emission tomography using ['*F]fluorodeoxy-D- 
glucose ('*F-FDG-PET) can predict the pathological response 
of breast cancer to chemotherapy. 
Methods: Patients with breast cancer destined to receive eight 
cycles of primary chemotherapy were enrolled into the study. 
PET imaging using 185MBq '*F-FDG was performed 
immediately before the first, second and fifth and after the last 
pulses of chemotherapy. Breast cancers were identified and 
F-FDG uptake was calculated. Pathological response was 
determined by evaluation of the surgical resection specimens. 
Results: To date, 50 patients have completed the study. Mean 
pretreatment '8F-FDG uptake was not significantly different 
in responding and non-responding lesions (P=0-72). Mean 
percentage change in '*F-FDG uptake after the first pulse of 
chemotherapy was significantly greater in responding lesions 
(P=0-005). There was no significant difference ın "F-FDG 
uptake following the fourth or last cycles of chemotherapy in 
responding and non-responding lesions. Applying a 15 per cent 
change in "F-FDG uptake, PET following a single pulse of 
chemotherapy was able to predict pathological response with a 
sensitivity of 70 per cent and a specificity of 100 per cent. 
Conclusion: '8F-FDG-PET imaging of breast cancer follow- 
ing a single pulse of chemotherapy may be of value in the 
prediction of pathological treatment response. 


Pretreatment predictors of survival in patients with 
locally advanced breast cancer treated with 
multimodallty therapy 


K. N. Ogston, I. Miller*, S. Payne*, A. W. Hutcheont, 

T. Sarkar}, T. O’Hanrahan and S. D. Heys 

Departments of Surgery, “Pathology and +Clinical Oncology, 
University of Aberdeen, Aberdeen, UK 


Background: Multimodality therapy for locally advanced 
breast cancer has umproved survival rates. However, many 
patients still have a poor prognosis. This study aimed to detect 
which patients were likely to have a poorer prognosis before 
commencing treatment. A range of factors related to the 
patient, the tumour, the acute-phase response and indices of 
immune function (natural cytotoxicity) were assessed. 

Methods: Eighty patients with locally advanced breast cancer 
were treated with primary chemotherapy, surgery, radio- 
therapy and tamoxifen. They were followed for 5 years. The 
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following factors were entered into a survival analysis: age, 
menopausal status, albumin level, C-reactive protein levels, 
CD56, natural killer cell activity, clinical tumour size and 
axillary node status. 

Results: The 5-year survival rate was 72 per cent. Results of a 
multivariate (Cox proportional hazard) analysis of these factors 
revealed that reduced CD56 count (P= 0-04), increased clinical 
axillary nodal stage (P= 0-04) and a lower serum albumin level 
(P=0-002) were independent predictors of patients with a 
poorer survival. 

Conclusion: Pretreatment albumin levels, CD56 count and 
clinical axillary nodal assessment are independent predictors of 
survival in patients with breast cancer treated with multi- 
modality therapy. 


Objective measurement of breast cancer oestrogen 
receptor status through digital Image analysis 


R. Mofidi*, P. F. Ridgway, T. Crottyt, P. McCarthyt, 

S. Sheehan, D. Mehigan*, E. W. McDermott, 

T. V. Keaveny*, A. D. K. Hill and N. O’Higgins 
Departments of “Vascular Surgery and Pathology, and the 
Surgical Professorial Unit, St Vincent’s University Hospital, 
Dublin, Ireland 

Background: A quantitative computer-assisted method of 
analysis of oestrogen receptor (ER) status in immunohisto- 
chemically stained sectons in patients with primary breast 
cancer is described. 

Methods: Paraffin-embedded sections from 40 patients with 
primary breast carcinoma were stained with anti-o-~ER mono- 
clonal antibody (1D5) using a standard immunohistochemical 
protocol. Images from ten high-powered fields were captured 
from each section using a digital camera mounted on a 
microscope at X400 magnification and analysed with 
Adobe® Photoshop® image analysis software (Adobe Systems 
Incorporated, SanJose, CA, USA). Anuclear mask was obtained 
through the digital selection of nuclear area. Staining intensity 
in the nuclear mask was then analysed using red absorption 
characteristics. Digital three-layered analysis based on the 
technique used for obtaining histochemical scores (H score) was 
performed. Manual assessment of ER status was performed by 
counting the percentage of cells that are positive from 200 
randomly sampled nuclei from ten high-powered fields. 
Correlation between the median optical density of the nuclear 
masks, the digital H scores and subjectively measured percent- 
age positivity were expressed as Pearson correlation coefficients 
and confirmed by means of linear regression analysis. 

Results: Of the 40 sections studied, seven were ER negative. 
The median percentage positivity in the remainder was 93 
(range 17-100) per cent. Median digital H score was 175-6 
(range 40-300). A close correlation was observed between 
median optical density of the nuclear mask and the H score for 
each section ın both the red scale (= 0-89, P< 0-0001) and the 
grey scale (r=0-82, P<0-0001). There was a significant 
correlation between percentage positivity and median H score 
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(r=0-83, P<0-0001) and the median red scale of the nuclear 
masks (7 = 0-65, P< 0-0001). 

Conclusion: ER positivity can be assessed accurately by means 
of digital image analysis. This process offers objective data 
regarding the number of ERs within the nuclei, as well as the 
percentage of nuclei that express ERs. 


Comparative genomic hybridization analysis of 
chromosomal alterations induced by the development 
of tamoxifen resistance 


R. Achuthan*?, S. M. Belli, P. Roberts§, K. Horgan’, 

A. F. Markham+, K. A. MacLennan and V. Speirs+ 
*Breast Unit and Department of Molecular Oncology, Leeds 
General Infirmary, and +Departments of Molecular Medicine 
and §Cytogenetics and Imperial Cancer Research Fund, 
St James's University Hospital, Leeds, UK 


Background: Tamoxifen resistance is a serious problem in the 
management of patients with breast cancer, and knowledge of 
the genetic pathways leading to tamoxifen resistance is 
important as it could allow the development of novel 
therapeutic strategies. This study aimed to determine the 
genetic changes between MCF-7, a tamoxifen-sensitive human 
breast cancer cell line, and its clone CL-9, which is resistant to 
tamoxifen, using comparative genomic hybridization (CGH). 
Methods: DNA was extracted from MCF-7 and CL-9. The 
CGH assay was performed using: (1) MCF-7 DNA-normal 
placental DNA, (2) CL-9 DNA-normal placental DNA, and 
B) MCF-7 DNA-CL-9 DNA. Images were captured with a 
charge coupled device camera and analysed by means of CGH 
analysis software. Metaphases were prepared from the cell lines 
and analysed by cytogenetics, and also by chromosomal 
painting for additional confirmation of amplifications and 
deletions. 

Results: CGH analysis for the tamoxifen-sensitive and 
-resistant clone showed many areas of concordance, but 
important differences were seen in amplification of chromo- 
somes 2, 3, 12 and 21, and deletion of chromosomes 6, 7q, 17p 
and 20. These findings were confirmed by cytogenetics and by 
use of whole chromosomal paints. 

Conclusion: Transformation from a tamoxifen-sensitive to a 
resistant phenotype could be explained by changes at the 
molecular level. Definite alterations in the genetic profile were 
seen in the tamoxifen-resistant cell line involving regions 
harbouring potential genes (e.g. p53, mdm-2) that could be 
involved in the development of tamoxifen resistance. 


Enhanced binding of tumour cells to mesothelium 
following exposure to pneumoperitoneum 


P. Ziprin, D. Peck and A. Darzi 

Academic Surgical Unit, Imperial College School of Medicine, 
St Mary’s Hospital, London, UK 

Background: Exposure to a carbon dioxide pneumoperito- 


neum in laparoscopic surgery can increase the occurrence of 
peritoneal metastases. For this to occur, cells must attach to the 
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mesothelium. The effect of a carbon dioxide pneumoperito- 
neum on tumour cell-mesothelium interactions was analysed. 
Methods: Primary cultures of human peritoneal mesothelial 
cells (HPMCs) were derived from omental samples. 
Monolayers of HPMC cells were exposed to either an in vitro 
carbon dioxide or a helium pneumoperitoneum for 4h, or left 
under normal growth conditions (control). The ability of 
colonic (SW1222) adenocarcinoma to adhere to the monolayer 
was assessed. In parallel with these studies, alterations in 
mesothelial cell surface expression of @,B3 and ox integrin were 
analysed. 

Results: 





Expression of Oy 2 = 


Values are mean(s.e.m.) percentages of the control value. *P< 0-05 versus 
control (Tukey-Kramer test) 


Conclusion: Exposure to either a carbon dioxide or helium 
pneumoperitoneum results in an increase in the ability of 
tumour cells to adhere to mesothelium. This indicates a 
mechanism whereby the operative environment influences 
tumour growth. 


Soluble interleukin 6 receptor mediates colonic tumour 
cell adherence to vascular endothelium: a mechanism 
for metastatic initiation 


J. F. Dowdall, D. C. Winter, E. Andrews, W. E. Lauge*, 
J. H. Wang and H. P. Redmond 

Department of Academic Surgery, Cork University Hospital, 
Cork, and *University of Southern California, Los Angeles, 
California, USA 


Background: Recent evidence suggests that endothelial adher- 
ence of tumour cells may be more important than transmigra- 
tion in the formation of metastases. Soluble receptors of 
interleukin 6 (sIL-6Rs), shed by activated neutrophils follow- 
ing surgical injury, facilitate interleukin (IL) 6 adhesion- 
promoting effects on endothelial cells. This study examined the 
hypothesis that sIL-6Rs released by mediators of surgical stress 
increase tumour cell adherence to vascular endothelium. 
Methods: Polymorphonuclear neutrophils (PMNs) were sti- 
mulated with lipopolysaccharide 100 ng ml™' and C-reactive 
protein (CRP) 50pgml"!. sIL-6R release was measured by 
enzyme-linked immunosorbent assay. Colonie tumour cells 
transfected with green fluorescent protein and endothelial cells 
were exposed to sIL-6Rs, and tumour cell adherence and 
transmigration were measured by fluorescence microscopy. 
Results are expressed as mean(s.e.m.) for five experiments; the 
Mann-Whitney U test was used for statistical analysis. 
Results: Basal release of sIL-6Rs from PMNs was 
44.7(8-2) pgml"! at 60 min. This was significantly increased 
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by endotoxin and CRP (131-0(16-8) and 84-1(5.3) pgm” 
respectively; both P<0-05). Endothelial and tumour cell 
exposure to sIL-6Rs increased tumour cell adherence by 71 
per cent within 2 h (P= 0-04) but did not significantly increase 
transmigration, even at 6h. 

Conclusion: These data identify sIL-6Rs as putative mediators 
in the genesis of early postoperative intravascular metastases. 


Jugular venous neurone-spectfic enolase after carotid 
endarterectomy under local or general anaesthesia 


M. Wijeyaratne, J. Cruickshank, M. Collins, J. Barth, 
S. Homer-Vanniasinkam, A. I. D. Mavor and M. J. Gough 
Vascular Surgical Unit, General Infirmary, Leeds, UK 


Background: Previous studies using near-infrared spectro- 
scopy indicate that carotid endarterectomy (CEA) performed 
under local anaesthesia (LA) preserves cerebral cytochrome 
oxidase and autoregulation compared with surgery under 
general anaesthesia (GA). The hypothesis that LA offers a 
degree of protection against ischaemic injury was investigated 
by measuring ipsilateral jugular venous levels of neurone- 
specific enolase (NSE), a glycolytic enzyme released following 
cerebral injury, following CEA under both LA and GA. 
Methods: Sixteen patients with symptomatic 70-99 per cent 
carotid stenoses were randomized (with ethics committee 
approval) to CEA with either LA (n=7; mean stump pressure 
48.5 (range 37-80) mmHg; zero of seven shunted) or GA (n= 9; 
mean stump pressure 49-1 mmHg; five of nine shunted). 
Jugular venous samples were assayed for NSE Gmmunolumi- 
nometric assay) before carotid clamping and at 5 min and 2, 4, 
6, 8, 12 and 24h after clamp release. 

Results: There were no neurological complications. Mean 
(range) preclamp NSE levels were the same in both groups 
(LA 17-6 (15-2-20-7) pg I versus GA 21-5 (11-3-26-2) ug I"; 
P=0-44), Peak levels occurred at 2 h (LA 24-8 (16-6-25-4) pg I! 
versus GA 48.2 (31-461-3)pgl'; P=0.034, analysis of 
variance), with a significant increase in patients having GA 
(P= 0-014). NSE levels were higher in patients having GA at all 
time points up to 12 h, returning to baseline at 24h. 
Conclusion: This study suggests that CEA under LA is 
associated with reduced cerebral ischaemic injury compared 
with GA, and is consistent with miroscopic data indicating 
improved cerebral oxygenation in these patients. The case for a 
randomized trial of LA versus GA to assess differences in 
clinical outcome 1s therefore strengthened. 


Association between [ntraplaque haemorrhage in the 
carotid atherosclerotic lesion, degree of Internal carotid 
artery stenosis and timing of Ischaemic neurological 
events 


R. Mofidi, T. Crotty*, G. F. Fulton, T. Powellt, 

D. MacErlainețt, S. J. Sheehan, D. Mehigan and 

T. V. Keaveny 

Departments of Vascular Surgery, “Pathology and Diagnostic 
Imaging, St Vincent’s University Hospital, Dublin, Ireland 
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Background: Expansion of a carotid atherosclerotic plaque asa 
result of intraplaque haemorrhage has been implicated in the 
development of ischaemic neurological events. The relation- 
ship between the amount of haemorrhage in the dominant 
atherosclerotic lesion, the degree of internal carotid artery 
(ICA) stenosis and the chronology of patients’ symptoms was 
examined. 

Methods: Consecutive patients undergoing carotid endarter- 
ectomy were included. The nature and timing of symptoms 
were recorded. Arch aortography was performed before 
operation. Carotid endarterectomy specimens were serially 
sectioned and examined histologically. The amount of 
intraplaque haemorrhage was measured by means of digital 
image analysis. Influence of timing of symptoms on the 
quantity of intraplaque haemorrhage was analysed by 
Kaplan-Meier analysis. Correlation between degree of ICA 
stenosis and amount of intraplaque haemorrhage was deter- 
mined by regression analysis. 

Results: Seventy-four patients (20 asymptomatic, 54 sympto- 
matic) were included. Median latency of symptoms was 28 
(range 1-600) days. Intraplaque haemorrhage was found in 54 
(73 per cent) of 74 patients. Mean(s.e.m.) cumulative symptom- 
free survival before operation in patients with no intraplaque 
haemorrhage was 0-71(0-11), compared with 0-58(0-11) in 
those exhibiting haemorrhage in less than 50 per cent of plaque 
area and 0-2(0-07) in lesions involving more than 50 per cent 
(P=0-002). A close correlation was observed between the 
degree of ICA stenosis and the haemorrhagic content of the 
dominant atherosclerotic lesion (° = 0-43, P< 0-001). 
Conclusion: These results confirm the association between 
intraplaque haemorrhage and degree of ICA stenosis. They 
further demonstrate an association between the size of 
haemorrhage and the timing of neurological events, suggesting 
a causative role for intraplaque haemorrhage in the develop- 
ment of ischaemic neurological events. 


Haemodilution effect of fluld management In abdominal 
aortic aneurysm surgery limits the effectiveness of 
acute normovolaemic haemodilution 


L. Wolowczyk, F. C. T. Smith, R. N. Baird and 

P. M. Lamont 

Vascular Unit, Department of Surgery, Bristol Royal Infirmary, 
Bristol, UK 

Background: Acute normovolaemic haemodiluuon (ANH) is 
said to conserve blood by reducing the net number of red blood 
cells (RBCs) lost with surgical bleeding. Infusion of large 
volumes of fluids required as standard anaesthetic management 
during abdominal aortic aneurysm (AAA) surgery contributes 
significantly to the intraoperative decrease in haemoglobin 
(Hb) concentration and may diminish the impact of ANH on 
red cell loss. 

Methods: Patients undergoing elecuve AAA repair were 
randomized to undergo ANH or to act as controls. In patients 
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having ANH a mean(s.e.m.) of 1020(70) ml of blood was 
withdrawn before incision and replaced with colloid. Other 
fluids were used as required. Hb concentration was determined 
in both groups before operation and before aortic clamping 
with blood loss of less than 100 ml. 









Results: 
ANH Control 
(n= 15) (n=17) 
at aortic clamping (m) 9500. «2000S < 0.001 
443 13-8 0-19 
9:24 11:04 0.002 


Values are median. *ANH versus control; +P.< 0.001 versus preop. Hb 
(Mann-Whitney U test) 


An estimated saving of only 50 ml or less of RBCs after 1000 ml 
blood loss can be achieved by using ANH in the above setting. 
Conclusion: Large volumes of fluids used during AAA surgery 
reduce the loss of RBCs by the mechanism of hypervolaemic 
haemodilution, and the added benefit of ANH is limited by 
this effect. 


Paracetamol absorption in the assessment of 
gastroduodenal function following aortic aneurysm 
repair 


M. Yapanis, R. van den Bosch, P. Haggart, P. Burns, 

M. Goldman and A. W. Bradbury 

University of Birmingham, Heartlands Hospital, Birmingham, 
UK 

Background: Farly enteral feeding may reduce the incidence of 
multiple organ failure following repair of abdominal aortic 
aneurysm (AAA). The aim of this study was to determine, for 
the first time, whether paracetamol absorption can be used to 
assess return of gastroduodenal function, and so predict the 
timing of enteral feeding, in patients undergoing elective and 
emergency AAA repair. 

Methods: Thirteen patients undergoing AAA repair (seven 
elective, six rupture) were given 1g liquid paracetamol, via a 
nasogastric tube, 6, 18 and 32h after operation. Plasma 
paracetamol levels were measured at 15, 30, 60 and 120 min 
afterwards. Absorption was determined by calculating the area 
under the curve (AUC-120). 

Results: By 32h, median (interquartile range) AUC-120 was 
three times greater in the elective group than in the rupture 
group (664 (462-754) versus 220 (213-274) mgt! min™!), 
although the difference was not significant (P=0-2, 
Mann-Whitney U test). Time to first successful enteral feeding 
was significantly shorter in the elective group (median 4 versus 
9days; P<0-01, Mann-Whitney U test). There was a 
significant negative correlation between time to feeding and 
AUC-120 at 32h @,=-0-61, P= 0-026). 
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Conclusion: Paracetamol absorption is a feasible means of 
assessing gastroduodenal function following AAA repair, and 
AUG-120 is closely related to the introduction of successful 
enteral feeding. Further studies, using the 32-h timepoint, to 
determine the relationship between paracetamol absorption, 
feeding and outcome are ongoing. 


Lower limb revascularization improves calf muscle 
contractility 


T. Ojimba, M. Brown and M. H. Simms 

University Hospital NHS Trust and Department of Sport and 
Exercise Science, University of Birmingham, Birmingham, UK 
Background: Physiological assessment of the severity of lower 
limb arterial occlusion by methods such as ankle : brachial 
pressure index (ABPI) or response to treadmill exercise, 
claudication distance (CD) and maximum walking distance 
(MWD) produces variable results which correlate poorly with 
function. Stimulated gastrocnemius muscle dynamometry 
(MD) eliminates cardiac, respiratory, locomotor and psycho- 
logical variables. 

Methods: Ten patients were studied 1 week before and 6 weeks 
after lower limb angioplasty to compare changes in ABPI, CD, 
MWD and MD. For MD, isometric gastrocnemius torque was 
measured during 5 min of stimulated contractions. 

Results: 


“Before 





o Mier ae 
angioplasty angioplasty Poo- 
At rest se. ~ 0-78(0-04) 
After exercise _ 0571008) = 09 
CD (m 583026) 95 
MwD(m) 802183) 
Finalinitial torque — 235074) 
(percentage increase). i 


Values are mean(s.e.m.) 


Conclusion: Correction of lower limb arterial occlusion by 
angioplasty produces improvement in calf muscle function, 
which may be undetected by treadmill testing. 


Are supervised exercise programmes clinically effective 
therapy for patients with intermittent claudication? 


I. C. Chetter, J. I. Spark, P. J. Kent, D. C. Berridge, 

D. J. A. Scott and R. C. Kester 

Department of Vascular Surgery, St James's University 
Hospitals, Leeds, UK 

Background: Supervised exercise programmes (SEPs) are 
recommended for claudication. This prospective observational 


© 2001 Blackwell Science Led 


study aimed to assess whether a SEP improves the quality of life 
(QoL) of claudicants. 

Methods: Thirty-three claudicants (22 men and 11 women, 
median age 67 (range 49-77) years) attended a weekly SEP for 
3 months. Patients were assessed before and at 1, 3, 6 and 
12 months after starting the SEP with recording of: patient- 
reported maximum walking distance (PRWD); maximum 
treadmill walking distance (MTWD), ankle : brachial pressure 
index at rest (ABPI-R) and following treadmill testing (ABPI- 
PE). QoL was assessed using the Short Form 36 (SF-36) and 
EuroQol (EQ) instruments. SF-36 analyses eight individual 
QoL domains, while the EQ produces two QoL indices using 
time trade-off (TTO) data and a visual analogue scale (VAS). 
Results: 


600" 
m 





Values are median. *P<0-01, +P<0-05 versus before SEP (Wilcoxon 


matched pairs test) 


No significant improvements in ABPI-R or ABPI-PE, in any of 
the other SF-36 QoL domains or in the EQ TTO index were 
found. 

Conclusion: SEPs improve subjective and objective walking 
distances but result in only minor QoL benefits; furthermore, 
these benefits decline once the SEP is completed. 


Scaling systems and disease severity in patients with 
the hand-arm vibration syndrome 


P. A. Coughlin, P. J. Kent and R. C. Kester 
Department of Vascular Surgery, St James's University 
Hospital, Leeds, UK 


Background: There is an increasing requirement for accurate 
diagnosis and assessment of severity in patients with hand-arm 
vibration syndrome (HAVS). The aim of this study was to 
determine whether disease severity, as determined by the 
Stockholm Workshop Scale (SWS), is representative of 
underlying pathological processes as measured by objective 
methods. 

Methods: Ninety-three patients (186 hands) with HAVS (91 
men; median age 50 (range 28-74) years) underwent isotope 
limb blood flow (LBF) measurements to determine hand 
perfusion, cold provocation thermography (CPT) to deter- 
mine exaggerated vasoconstrictor response following exposure 
to cold, and two-point discrimination (TPD) aesthesiometry to 
determine sensorineural dysfunction. Results were compared 
with both normal values previously obtained within the 
department and with disease severity (SWS). 
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Results: 














ILBF hand = 8.36 i 
imitom min) 6-77) 
CPT fingertip (min) 371 
(184) 

TPD right hand (mm) 265 — 
`- (0-80) 





O00) oaa 





Values are mean(s.d.). “Time to return to rewarming temperatare (nin). 
tHAVS versus control; objective tests versus SWS (one-way analysis of 
variance} 





Conclusion: The SWS reflects sensorineural dysfunction but 
does not reflect the underlying vascular pathology. Objective 
investigations must be incorporated into disease classification 
scales to assess disease severity accurately. 


Postural changes in tissue oxygenation in patients with 
venous ulcers 


A. Bhowmick, R. Cowley, M. Thorniley and 

C. N. McCollum 

Department of Surgery, South Manchester University Hospital, 
Manchester, UK 

Background: Tissue perfusion in venous ulceration has been 
studied previously in recumbent patients even though ulcers 
heal on elevation. 








Elevated 





tHb Se 
Dependent +767) 
Elevated eat 


Values are mean(s.e.m.). “P< 0-05 


Methods: Twenty legs with chronic non-healing venous 
ulceration and 11 healthy control limbs were investigated with 
near-infrared spectroscopy (NIRS). Oxyhaemoglobin (O,Hb), 
deoxyhaemoglobin (HHb), total haemoglobin (ith) and 
oxygenation index (HbD) were measured for cach 305 during 
3 min of elevation and 3 min of dependency. 





7 
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Results: During elevation, the mean(s.e.m.) micromolar con- 
centration of tHb and HHb fell by 60(15-5) and 
36(9-2) umolcm™ respectively in ulcerated legs, compared 
with 29(11-6) and 3-9(3-9) umol cm™ in controls (P< 0-005). 
HbD rose to + 11 in venous ulcers, compared with a fall of -20 
in controls (P= 0-021). In dependency, HbD fell with greater 
significance in the ulcer group (P< 0.005), indicating increased 
oxygen extraction. 

Conclusion: In severe venous insufficiency, oxygen extraction 
increases during leg dependency, suggesting relative tissue 
ischaemia. This may be a cause of venous ulceration. 


POSSUM and P-POSSUM in the comparative audit of 
patients undergoing carotid endarterectomy 


G. Kuhan, A. F. Abidia, I. Chetter, P. Renwick, 

B. F. Johnson, A. R. Wilkinson and P. T. McCollum 
Department of Vascular Surgery, Hull Royal Infirmary, Hull, 
UK 

Background: The Physiological and Operative Severity Score 
for the enUmeration of Mortality and morbidity (POSSUM) 
and the Portsmouth predictor equation for mortality (P- 
POSSUM) have been proposed as methods of risk adjustment 
to accommodate case-mix variation in vascular surgery. This 
study aimed to assess the predictive accuracy of POSSUM and 
P-POSSUM in the comparative audit of carotid endarter- 
ectomy (CEA). 
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Methods: Some 498 CEAs performed by four vascular sur- 
geons from 1992 to 1999 in patients with a median age of 69 
(range 38-86) years were analysed. Physiological and operative 
scores were calculated, with operative severity being graded as 
major plus. Individual predicted mortality was calculated using 
the POSSUM and P-POSSUM equations. Patients were then 
grouped according to predicted mortality. Linear and expo- 
nential analyses were applied to POSSUM and P-POSSUM 
predicted groups, and the ratio of observed : predicted deaths 
(O:P ratio) was calculated for each analysis. 

Results: The overall observed 30-day mortality rate was 1-8 per 
cent (nine of 498 patients). Cause of death was stroke, 
myocardial infarction and heart failure in five, three and one 
patients respectively. 





*? test 


Conclusion: POSSUM and P-POSSUM cannot be employed 
usefully in the comparative audit of CEA because of gross 
overprediction of death. A model specific for CEA is needed to 
aid in the comparative audit. 
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This is the first in a series of articles on ethics, professional govemance and the law that BJS will run through the 


remainder of 2001. 


Ethics in surgical practice 
J. M. Little 


Centre for Values, Ethics and the Law in Medicine, Building D06, University of Sydney, Sydney, New South Wales 2006, Australia 


(e-mail miles!@ozemail com.au) 


Surgical ethics may generally be considered as a special 
form of the ethics that applies to medicine in general. That 
is certainly the way in which McCullough et al. construe 
matters in their excellent book, Surgical Ethics. They show 
how to apply principle-based ethics to surgical practice, and 
comment on special considerations surgeons may have to 
bring to bear on issues such as informed consent, 
confidentiality, emergencies, dying patients and personal 
biases against patients. Theirs is an immensely helpful and 
thoughtful book, which can be recommended to those 
seeking further enlightenment in this area. 

Yet some surgeons have complained that, for all its 
excellence, there is something missing. I think that they are 
registering an absence of the voices and narratives of those 
who practise surgery and those who experience it. Surgeons 
and their patients are aware of the extraordinary nature of 
the surgical experience. Surgeons inflict a very particular 
kind of physical trauma in order to achieve something good. 
It is this trauma that distinguishes surgery from other 
medical endeavours. The procedural cardiologist and 
endoscopist, of course, may do traumatic things in order 
to achieve cure, diagnosis or palliation, but they proceed per 
vias naturales. The surgeon makes his or her way through the 
body’s coverings on a scale unlike that of colleagues in other 
disciplines, such as interventional radiology. He or she 
relies on the wisdom of the body to heal wounds inside and 
outside more than colleagues in other specialties. To be on 
either end of this extraordinary transaction has some special 
characteristics. Ethics are about relationships and choices, 
and surgical relationships are defined by five characteristics 
that, while they may be present to some degree in other 
medical transactions, reach a special intensity in surgery”. 
Based on this centre’s narrative research*”’, one may call 
them: (1) rescue, (2) proximity, (3) ordeal, (4) aftermath and 
(5) presence. Rescue, proximity, ordeal and aftermath are 
descriptive of the experience of the surgical patient. Presence 
is something desired and desirable, and so is normative. 


Rescue 
Most people dread having operations. The physical assault, 
the breaching of the body’s coverings, the pain, disability 
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and risks are all things to be avoided if possib&. Even 
minimal access surgery carries these connotations, -niracu- 
lous though it seems to those who undergo it. If wou seek 
surgery, therefore, you must perceive that you have or may 
develop something so threatening to your life, in its yuantity 
or quality, as to justify the assault of surgery. You nust, in 
short, seek a traumatic remedy in the face of a seriovs threat. 


Proximity 


By asking a surgeon’s help, a patient enters a relaticship of 
proximity like no other. By the end of the surgical 
encounter, the surgeon will know things about the >atient’s 
body that are hidden from the patient. He or she ill have 
seen some way inside that body, and have observed its 
responses to injury and disease in ways that even th - patient 
cannot share. The endoscopist, interventional carciologist 
and radiologist have similar kinds of knowledge, Lut once 
again their approaches are less open, more ‘natural. This is 
not intimacy, which is mutual, but proximity, anc it is an 
unbalanced and privileged relationship, which can >e easily 
abused if it 1s not acknowledged. 


Ordeal 


The surgical encounter is an ordeal. It invokes pain, 
anaesthesia, loss of autonomy, and constraints on soace and 
time. It involves helplessness and dependence. It s some- 


thing to be endured. 


Aftermath 


Surgical procedures leave scars, both on and in tne body, 
and in the psyche. Bodily scars, stomas, stiffness, persistent 
discomfort and recurrent symptoms all serve as rcminders 
of past or present illness, risk and threat. The surivors of 
serious illnesses such as cancer (in particule) carry 
psychosocial burdens from which they may never be free. 
The last skin clip or suture 1s not the end of the surgical 
story, nor does it end with discharge from hosp tal. The 


burdens of survivorship may be lifelong*’~’. 
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Presence 


Not surprisingly, what patients want most from their 
surgeons is their presence. Given the ordeal they face, their 
need for rescue, the sense of proximity and privileged 
knowledge inherent in the surgical encounter, and the 
persistence of problems into the aftermath of surgery, 
people want their surgeon to demonstrate his or her 
commitment to a caring role by being there, aware of and 
responsive to the discomforts and fears attending illness and 
surgery. Surgery is so extraordinary as an act and a 
relationship that patients still expect something special 
from it. Anatole Broyard, dying from prostate cancer, tells 
what he wants of his doctor’®. 

‘I see no reason or need for my doctor to love me — nor 
would I expect him to suffer with me. I wouldn’t demand a 
lot of my doctor’s time. I just wish he would brood on my 
situation for perhaps five minutes, that he would give me his 
whole mind just once, be bonded with me for a brief space, 
survey my soul as well as my flesh, for each man is ill in his 
own way.’ 

Broyard points to the dimensions of presence for any 
doctor whose patient faces extreme experience. Much of 
surgery creates extreme experience, and the surgeon’s 
presence — on rounds, visits, by telephone calls — is a 
reassurance and a support. Presence is both a virtue and a 
duty, and it can be taught. I question, as do Randall and 
Downie!!, whether one can teach communication skills, as 
if the performance of a protocol could stand in the place of 
personal insight and warmth. Even those who lack a degree 
of empathy, however, can be taught by precept and example 
that it is important to be present for surgical patients. 


A surgical ethics 


I suggest that an ethics of surgery can be constructed from 
an understanding of what goes on between those who 
experience surgery and those who practise it. Surgery 
creates extraordinary relationships between those who 
receive it and those who perform it. Understanding some 
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of the peculiarities and intensities of that relationship helps 
us to get inside the vulnerabilities of our patients, and 
perhaps to understand something about our own vulner- 
abilities’. Even surgeons dread having surgery. 
Acknowledging the need — sometimes a desperate need — 
for rescue, the inevitability of the relationship of proximity, 
the nature of the ordeal of the surgical experience, the 
potential seriousness of the aftermath of surgery, and 
the patient's need for the surgeon’s presence throughout the 
illness and beyond, will help us as surgeons to establish and 
maintain trust and a relationship of care with patients who 
are particularly vulnerable. 
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Resection margins in Crohn’s disease 


B. G. Wolff 


Department of Surgery, Mayo Clinic and Mayo Foundation, 200 First Street SW, Rochester, Minnesota 55905, USA 


Soon after Crohn’s disease was described in the early 1930s, 
surgeons began treating involved sections of bowel by 
resection and anastomosis. The point of reference at that 
time was bowel cancer, which also involved a focal segment 
of bowel and created enlarged lymph nodes in the 
mesentery. Of course this method of treating Crohn’s 
disease by resection with ‘curative’ intent, similar to that for 
bowel malignancy, was based on an erroneous assumption. 
This stemmed from a lack of understanding that the disease 
is a process that can affect any part of the gastrointestinal 
tract; it is not merely a focal problem affecting only one 
section of bowel. This background explains the early 
importance of proximal and distal margins in surgery for 
Crohn’s disease. 

Time and surgical experience have shown that there is a 
high recurrence or relapse rate after resection for this 
condition. Some surgeons began to regard this relapse as 
almost inevitable, regardless of surgical technique. Others 
held that the problem was simply a result of inadequate 
clearance, and that a modification of surgical technique 
would lead to lower recurrence rates. Such a difference of 
opinion engendered the great debate on the importance of 
surgical margins in the 1980s. Krause et al! in 1985 
reported a long-term follow-up study of 186 patients 
divided retrospectively into two groups, one with a ‘radical’ 
resection of 10 cm or more of disease-free margins included 
in the resection specimen and the other with specimens with 
less than 10 cm of uninvolved bowel. Follow-up of more 
than 14 years showed that the group with the wider margins 
had a recurrence rate of 31 per cent and a better quality of 
life than the non-radical resection group which had a 
recurrence rate of 83 per cent. These dramatic results 
created much discussion and the study was criticized not 
only for being retrospective but also because the patient 
groups came from two different Swedish hospitals. Another 
retrospective study from Scandinavia provided a similar 
result in that patients with a margin of normal tissue of less 
than 4 cm (including those with histologically positive 
margins) had a recurrence rate that was ten times higher 
than that of a control group”. Nevertheless, a further 
retrospective study from the Uppsala region in Sweden, 
based on 353 patients undergoing a ‘curative’ resection 
from 1969 to 1986, suggested that the length of the disease- 
free resection margins did not influence recurrence rates in 
univariate or multivariate analysis’. 
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The only prospective study examining this issue of length 
of uninvolved bowel was carried out by Fazio and colleagues 
at the Cleveland Clinic—Cleveland*. Patients undergoing 
ileocolic resection were assigned randomly to have a 
proximal margin of either 2 cm of grossly uninvolved 
bowel or 12 cm of uninvolved bowel. No significant 
difference in recurrence rate was found in the 56 patients 
undergoing extended resection in comparison to that of the 
75 patients undergoing more limited resection, although 
the recurrence rate in the extended margin group was lower 
(18 versus 25 per cent). The question of statistical power in 
such a study is certainly an issue, but this is still the best 
information available at this time. The length of proximal 
margin was recorded in another prospective randomized 
study; patients with a length of 5 cm or more and less than 
5cm of uninvolved mucosa were compared, with no 
significant difference’. 

A separate issue is the margin that is histologically free of 
the mucosal changes of Crohn’s disease or of non-specific 
inflammatory features. The above report by Fazio and 
colleagues* did not specifically address this question. For 
guidance one must look to retrospective studies but these 
have yielded disparate results. Several papers have sug- 
gested a benefit from a microscopically disease-free 
clearance at the margin for anastomosis while an equal 
number have shown no difference in terms of relapse rate. 
The controversial paper sparking this debate was published 
in 1980 by Pennington and colleagues®. A study from the 
Mayo Clinic showing different results was soon forth- 
coming’ anda larger retrospective study from the Cleveland 
Clinic was published in 19918. One interesting prospective 
randomized controlled trial by McLeod and colleagues? 
showed no difference between groups with and without 
marginal microscopic involvement. Importantly, this study 
may have made the issue of resection margins in Crohn’s 
disease moot, in that prophylaxis after surgical resection has 
become accepted treatment by many gastroenterologists 
and surgeons, whether with mesalamine or immunosup- 
pressive agents. 

Is there anything in the realm of surgical technique that 
one can do to delay or prevent recurrence after resection of 
an isolated segment of bowel afflicted with Crohn’s disease? 
Historically, the only factor of influence is that of 
proctocolectomy and Brooke ileostomy for Crohn’s colitis. 
More recently, surgeons have retrospectively examined the 
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technique of wide side-to-side stapled anastomosis for 
ileocolic disease versus the traditional end-to-end ileocolic 
anastomosis as a way of delaying the time interval to relapse 
(70-90 per cent of patients show endoscopic recurrence 
within 1 year’). Prospective randomized trials now under 
way in Europe and North America should provide an 
answer as to whether this manoeuvre has value. 
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Haemobilia 
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Background: This review aims to establish whether increased use of invasive procedures and the trend 
toward conservative management of major trauma has resulted in an increased incidence of haemobilia. 
Method: A Medline (http://igm.nim.nih.gov/)-based search of the English language literature from 
January 1996 to December 1999 inclusive was performed using the keywords haemobilia, hemobilia, 
haematobilia and hematobilia. The presentation, aetiology, investigation, management and outcome of 
222 cases were reviewed. 

Results: Two-thirds of cases were iatrogenic while accidental trauma accounted for 5 per cent. 
Haemobilia may be major, constituting life-threatening haemorrhage, or minor; it may present many 
weeks after the initial injury. Diagnosis is most commonly confirmed by angiography. Management is 
aimed at stopping bleeding and relieving biliary obstruction; 43 per cent of cases were managed 
conservatively and 36 per cent were managed by transarterial embolization (TAE). Surgery was 
indicated when laparotomy was performed for other reasons and for failed TAE. The mortality rate was 
5 per cent. 

Conclusions: Although the incidence of iatrogenic haemobilia has risen considerably, the bleeding is 
often minor and can be managed conservatively. When more urgent intervention is required, TAE is 
usually the treatment of choice. There is no evidence that the conservative management of accidental 


liver trauma increases the risk of haemobilia. 
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Introduction 


The phenomenon of bleeding into the biliary tree, now 
known as haemobilia, was first recorded in 1654 by Francis 
Glisson, the Regius Professor of Physic in Cambridge from 
1636 to 1637, in his treatize on the anatomy of the liver, 
Anatomia Hepatis'”. He described a fatal case of haemobilia 
secondary to penetrating abdominal trauma sustained by a 
young man in a sword duel. The patient died 1 week 
following his injury. It was not until 1948 that Sandblom? 
first used the word haemobilia in his paper on haemorrhage 
into the biliary tree following trauma. Haemobilia is a rare 
condition that may be difficult to recognize but it is none the 
less important to include it in the differential diagnosis of 
gastrointestinal bleeding. Diagnosis is made easier when 
there is a history of liver trauma or instrumentation to direct 
attention to the biliary tree as a possible site of bleeding. 
Haemobilia occurs when there is a fistula between a vessel 
of the splanchnic circulation and the intrahepatic or 
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extrahepatic biliary system. The causes include iatrogenic 
and accidental trauma, gallstones, inflammation, vascular 
malformations and tumours. With the increasing use of 
percutaneous liver procedures there has been an increase in 
the incidence of iatrogenic haemobilia, such that this has 
become the most commonly reported cause. Furthermore, 
concern has been expressed that the trend toward con- 
servative management of accidental liver trauma may result 
in an increase in the incidence of haemobilia from this 
cause’. 


Method 
A Medline-based review of the English language literature 


waas carried out using the key words haemobilia, hemobilia, 
haematobilia and hematobilia. The publications between 
1996 and 1999 revealed 222 reported cases of 
haemobilia* "8, either as single case reports, small series 
usually following specific procedures, or within larger 
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retrospective studies. Only a few cases were reported within 
the context of a prospective, randomized study’**’, and 
only one of these studies investigated haemobilia as a 
discrete entity. The search was extended to include all 
previous reviews of haemobilia held on Medline, and 
specific publications between 1990 and 1995 that con- 
tribute additional information have been included. The 
reporting bias in a review of this nature will be considerable 
but, nevertheless, the authors believe that the results are an 
accurate representation of the current presentation, inves- 
tigation and management of haemobilia. 


Presentation 


Quinke!” described a triad of symptoms and signs with 
which haemobilia usually presents. These are upper 
abdominal pain, upper gastrointestinal haemorrhage and 
jaundice. All three may be present in up to 22 per cent of 
patients (Fig. 1). There are few causes of upper abdominal 
pain with gastrointestinal bleeding alone, and haemobilia 
must be considered in patients presenting with such a 
combination. There may also be cholangitis, with high fever 
and rigors. In major haemobilia the rate of bleeding is 
immediately life threatening. In minor haemobilia, 
although the blood loss is clinically significant, the patient 
is haemodynamically stable. If bleeding is brisk it may be 
confused with lower gastrointestinal haemorrhage’’®. Slow 





Fig. 1 Venn diagram of the presenting symptoms of 121 patients 
with haemobilia from a review of the literature from January 
1996 to December 1999 
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blood loss leading to chronic anaemia 1s an uncommon 
presentation, although it is of interest that faecal occult 
blood testing was once used as a diagnostic test in cases of 
biliary colic due to gallstones'"?. 

The haemorrhage may be of rapid onset following liver 
trauma, or may be delayed by weeks. Occasionally it may be 
recurrent, with a prodrome of epigastric discomfort that is 
relieved at the onset of upper gastrointestinal haemorrhage. 
Previous reviews have found that 50 per cent of bleeding 
into the biliary tree is intrahepatic; the other 50 per cent is 
mostly from the extrahepatic bile ducts or gallbladder, and 
rarely the pancreas’!”, Risk factors for the delayed onset of 
haemobilia include bile stasis, hepatic necrosis and the 
formation of a slowly expanding pseudoaneurysm. 

Blunt liver trauma is usually accidental, often due to road 
traffic accident. The shearing of arteries, veins and bile 
ducts without capsular rupture may result in an acute 
presentation of haemobilia. Associated parenchymal injury 
predisposes to bile stasis within a haematoma. Although the 
liver is well known for its powers of regeneration, 
contusions and lacerations in the presence of static bile do 
not heal. Bile has been shown to inhibit fibrin formation and 
granulation in liver wounds'!’. Healing may be further 
impaired by expanding pools of necrotic tissue within the 
liver parenchyma, which may eventually erode into hepatic 
blood vessels allowing fistula formation between them and 
the bile ducts, as seen in cases of blunt trauma. This results 
in delayed presentation of haemobila. 

Penetrating trauma, particularly following percutaneous 
instrumentation of the liver, ıs much less likely to cause 
cavitation but may still lacerate blood vessels and bile ducts, 
predisposing to immediate fistula formation and acute 
presentation of haemobilia. However, damage to a hepatic 
artery may result in a pseudoaneurysm which may expand 
until it erodes into the biliary tree, again resulting in a 
fistula. On the other hand, the damaged artery may form a 
true aneurysm and rupture much later. In the last two 
scenarios the presentation of haemobilia is delayed, some- 
times by many months. 

The fate of blood in the biliary tree depends on a variety 
of factors. Bleeding may be so rapid that the blood passes _ 
directly into the duodenum, appearing as haematemesis or 
melaena. When the haemorrhage occurs more slowly, 
blood and bile do not mix owing to their different specific 
gravities and surface tensions. The resultant clots obstruct 
the bile ducts’’*. A paradox exists that while bile is 
thrombolytic and may predispose to haemorrhage, the 
jaundice of haemobilia is due to bile duct obstruction by 
clot. The fate of these clots is variable. They may dissolve or 
be passed, or they may persist causing further bile stasis and 
exacerbating the situation. Further studies have shown that 
for bile enzymes to lyse fibrin there must be free flow of bile 
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over the clots''*. Decompression of the bile duct leads to 
both resolution of the jaundice and, in some cases, cessation 
of bleeding. Ultimately, clot may act as a nidus for the 
formation of pigment stones"***. 

Haemobilia from a venous fistula is rare because of the 
high intraluminal pressure of an obstructed bile duct 
compared with the systemic venous pressure. Patients 
with portal hypertension, however, are at risk, for example 
following placement of a transjugular intrahepatic porta- 
systemic shunt™™”, Minor haemobilia seen in the tubing of 
percutaneous biliary drains may be venous in origin and 
should resolve when the drain is removed and the biliary 
pressure returns to normal. If bleeding is persistent the 
vessel may be tamponaded with a larger drain''®. The 
process may be reversed with bile entering the blood stream 
directly through venous biliary fistulas and cases of 
bilhaemia have been reported, including fatal bile embolism 
following percutaneous biliary drainage''”. 

Further complications of haemobilia are uncommon and 
include pancreatitis’, cholecystitis’ and cholangitis". 
These are secondary to the haemobilia and must be 
differentiated from primary pancreatitis, haemorrhagic 
cholecystitis and cholangitis 
Pancreatitis secondary to haemobilia has a good prognosis 
once the haemorrhage has been controlled and it may be 
successfully managed conservatively ”*®®, Cholangitis 
following haemobilia may be severe and, although it is 
rarely reported, carries a high mortality rate even when 
treated aggressively with antibiotics and biliary drainage. 


causing haemobilia. 
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Cholecystitis may occur early owing to the presence ot 
haematoma in the gallbladder or later following on trom the 
formation of pigment stones. In early cases immediate 
cholecystectomy is recommended, with T-tube drainage ot 
the common bile duct to allow both biliary decompression 
and to wash out any remaining clots. Irrigation with saline 
may be considered. 


Aetiology 


The most commonly reported cause of haemobilia in the 
western world is now iatrogenic, mostly as a consequence of 
percutaneous liver procedures. The overall incidence of 
haemobilia is difficult to assess, as it is uncommon as a 
clinically significant entity. Careful investigation shows that 
it is often associated with gallstone disease; microscopy 
haemobilia occurs in up to one-third of such panents 
Sandblom!!! in 1972 reported 59 cases of haemobilia 
secondary to iatrogenic causes and 137 secondary to 
accidental trauma. The remaining cases were attributable 
to other causes. In 1981, Goodnight and Blaisdell 
reported that trauma accounted for 50 per cent of all cases 
of haemobilia, with a ratio of iatrogenic to accidental 
trauma of 1 : 2. Since then there has been a shift in the 
pattern of aetiology (Fig. 2). Of the 222 cases in the present 
review 147 were iatrogenic in aetiology. Twelve followed 
non-iatrogenic trauma, most commonly road trafhe aci 


dents, and the remainder were from other causes (Jable ! 
Because of the inevitable reporting bias this is not a 
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Fig. 2 Aetiology of haemobilia from four reviews of the literature since 1972, showing an increase in iatrogenic causes, with a reductor 


in accidental trauma, as a percentage of the total 
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Table 1 Aetiology of 222 cases of haemobilia reported between 
January 1996 and December 1999 


No: of cases 


10 (5) 
2 (1) 


30 (13) 
10 (4) 
43 (19) 
23 (10) 
29 (13) 
4 (2) 
9 (4) 


6 (3) 
6 (3) 
2.(1) 


11 (5) 
20) 
: i ; Le sh DEREDEN RO Bs = 10) 
-Polyartentis nodosa eee Sa a rn career 2 6) 
Cholangitis 2 ee ee) 
Vascular : Hen ee, 
Coagulopathy. <42} 
Vascular malformations 16 {7}. 
Other aa ae 
Pancreatic pseudocyst E i(i) 





Values in parentheses are percentages 


accurate analysis of the distribution of causes of haemobilia, 
but it does reflect an increasing interest in this subject and an 
appreciation of the significance of the complications of 
percutaneous liver procedures. Previous reviews have put 
the proportion of iatrogenic haemobilia at 40-60 per cent, 
and from the present data the proportion of haemobilia 
caused by percutaneous procedures alone is 38 per cent. 

In series examining percutaneous liver biopsy, the 
incidence of haemobilia following the procedure appears 
to lie between 0-06 and 1 per cent!!??°!?!| Within the 
context of such studies there are patients at greater risk, such 
as those with ascites (which prevents tamponade of the 
puncture site by the abdominal wall), coagulopathy (even 
when corrected for the procedure), cirrhosis (small livers 
allow other intra-abdominal structures to be hit) and liver 
transplant (the liver may be hypervascular and may lie in an 
abnormal position)'**, Attempts have been made to reduce 
the incidence of complications by use of ultrasonographi- 
cally guided biopsy!”®, laparoscopic biopsy!”*, transjugular 
biopsy”? and biopsy with tract embolization'®. Although the 
overall complication rate has been reduced by these 
techniques there is no reduction in the incidence of 
haemobilia. This is, perhaps, not surprising as haemobilia 
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arises as a result of the accidental laceration of a hepatic 
artery, which is unlikely to be avoided by the above methods 
with the possible exception of tract embolization. 

Simple logic suggests that the risk of causing significant 
damage to a blood vessel within the liver increases with the 
size of the needle; large needles are used for procedures such 
as percutaneous transhepatic biliary drainage (PTBD) and 
percutaneous transhepatic cholangiography (PTC). This is 
confirmed by the literature, with the greatest risk associated 
with PTBD in which case the problem is exacerbated by 
pre-existing bile stasis. The incidence of haemobilia 
following PTBD is between 2 and 10 per cent™!?* 1°41? 
Techniques to avoid positioning the drain across major 
vessels may reduce this'**°, for example avoiding insertion 
of the biliary drain into the biliary system close to the hilum 
of the liver where there is a high density of larger blood 
vessels in close proximity to large bile ducts!®. In many cases 
minor haemobilia presents as blood in the drain tubing. 
This often stops when the drain is removed and no further 
investigation or treatment is required. 

The incidence of haemobilia following PTC is up to 4 per 
cent’!, although this may be reduced with the use of fine- 
needle cholangiography'*°. The incidence of arterial injury 
on postprocedure angiography is much higher, 5 per cent 
following percutaneous liver biopsy and 4 per cent 
following PTC'?’. 
following PTBD is between 19 and 32 per cent 
Ultrasonographic guidance of PTBD may reduce the 
incidence of haemobilia'*. Stenting of biliary strictures is 
associated with haemobilia in up to 10 per cent of 
procedures’?"°°! and may be dramatic!?*. Lithotripsy, 


whether endoscopic or extracorporal, is associated with an 
7,93,133, 134 


The incidence of arterial damage 
128,129 


incidence of haemobilia of up to 10 per cent” 
Perhaps surprisingly, the reported incidence of fdeenobilin 
does not necessarily rise when lithotripsy is combined with 
stenting for hepatolithiasis"*"*°. 

Surgical exploration of the biliary tree for biliary stones 
may also cause haemorrhage as the intrahepatic ducts are in 
close proximity to the hepatic arteries'**. Surgery of the 
hepatobiliary system may lead to haemobilia following 
injury to a hepatic artery by a suture needle, diathermy, clip 
or clamp. A pseudoaneurysm developing around the 
damaged vessel is the common lesion preceding the onset 
of haemobilia and the presentation may be delayed by many 
weeks. Concern has been expressed that laparoscopic 
cholecystectomy may have a higher risk of haemobilia 
than open cholecystectomy. Stewart etal.” reported five 
cases of haemobilia following laparoscopic cholecystect- 
omy and four of these were as a result of traumatic aneurysm 
of the right hepatic artery. There have been 29 cases of 
haemobilia following cholecystectomy reported in the 
English language literature between January 1996 and 
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December 1999. Transarterial embolization (TAE) was 
successful in stopping bleeding in 23 cases but failed in 
three. Two patients died from uncontrollable haemobilia. 
Nicholson etal.” found nine cases following 1513 laparo- 
scopic cholecystectomies. There is no evidence that there 
has been an increase in the incidence of haemobilia as this 
procedure has become more popular. Minor haemobilia 
following cholecystectomy may cause confusion on cho- 
langiography, as clot in the common bile duct may be 
mistaken for residual stone. In 20 per cent of ducts explored 
for retained stone following cholecystectomy, clot rather 
than stone was found to be the cause of the filling defect seen 
on the operative cholangiogram’?®. 

Haemobilia following other operative procedures on the 
hepatic biliary system is rare, even following liver trans- 
plantation!’ For liver transplant recipients the major risk 
factor for haemobilia is liver biopsy!?*'*°'*3. Should 
haemobilia occur, management decisions are more difficult 
as the transplanted liver is more reliant on the dual blood 
supply from the portal vein and hepatic arteries, and so less 
likely to tolerate anything other than superselective arterial 
occlusion (although the procedure may still be safely 
performed). Embolic occlusion of a major hepatic artery 
in a transplanted liver may result in hepatic necrosis, 
ischaemic cholangitis™ or biliary stricture formation!**. 
Haemobilia following hepaticojejunostomy'*, choledo- 
choduodenostomy!** and hepatic lobectomy!*” has been 
reported. Haemobilia caused by a T tube eroding into a 
hepatic artery has also been recorded, although it may be 
that the injury was sustained at the time the T tube was 
sited’*°, Iatrogenic clotting disorders following anti- 
coagulation may also be associated with haemobilia*”!**, 

Accidental damage resulting in haemobilia is usually 
secondary to blunt trauma and less often follows penetrat- 
ing trauma, such as stab or gun shot injury (these injuries 
being less common). The incidence of haemobilia following 
major liver injury has been reported to be as high as 3 per 
cent in one series’, butin other reports the overall incidence 
is 0-18 per cent or less#?5°. Of 106 cases reviewed by 
Yoshida etal.''? only one followed penetrating injury, but 
Croce et al.!>! reported that, of 482 patients with accidental 
liver injury, three cases of haemobilia followed blunt trauma 
and three followed penetrating trauma. Blunt trauma to the 
liver differs from penetrating injury in that a central rupture 
may leave a large cavity into which damaged bile ducts and 
blood vessels drain!**. The resulting biloma or haematoma 
may continue to expand while liver healing is impaired. 
Necrosis of the cavity wall may cause erosion of adjacent 
structures. Risk factors for the development of haemobilia 
following trauma include the use of packs, formation of a 
central cavity and inadequate drainage!**'*. If a hepatic 
laceration is explored, deep sutures should be used with care 
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as these may cause further damage to bile ducts and blood 
vessels; superficial suturing of a deep laceration, on the 
other hand, may cause cavity formation’**. 

The trend toward conservative management of liver 
injury might be expected to result in an increase in the 
incidence of haemobilia following accidental trauma’, but 
recent reports show that this is not the case!**!**. In three 
recent reviews of patients with severe liver trauma, 136 
patients not requiring immediate life-saving surgery were 
managed conservatively without any haemobilia!**'°’, and 
two of 135 pacents with severe liver injuries developed 
haemobilia!®”. 

Extrahepatic causes of haemobilia following trauma must 
also be considered. The gallbladder is affected in up to 2 per 
cent of blunt abdominal traumas and haemobilia may follow 
such injury'*®!°°, Gallstones are also associated with 
haemobilia, which may arise secondary to haemorrhagic 
cholecystitis or by a stone eroding into a blood vessel, 
usually the cystic artery”*'®°. Acalculous cholecystitis may 
also cause haemobilia’®!!®, 

Primary vascular anomalies may present with haemobilia, 
particularly hepatic artery aneurysm®. Angiodysplasia!™, 
arteriovenous malformation® and haemangioma are less 
common causes of significant haemobilia!®. Patients with 
underlying coagulopathy are more susceptible although this 
may be treated by correction of the diathesis and adequate 
drainage'""®4%?_ Vasculitis has been reported to cause 
significant haemobilia, and may be associated with other 
connective tissue diseases’? 

Both primary and secondary'®*!® malignant tumours of 
the liver, bile ducts, gallbladder and pancreas occasionally 
present with haemobilia. This occurs when tumour invades 
the ductal system (which more often presents with 
obstructive jaundice). The rate of blood loss is rarely 
rapid, but it may cause anaemia. The presence of clots 
within the ducts can make cholangiograms difficult to 
interpret. 

Parasitic infection by various organisms has been 
reported in association with haemobilia, including ascar- 
iasis’ and hydatid™*, and should be considered in patients 
with a history of travel to endemic regions. Haemobilia may 
also complicate hepatic abscess and cholangitis**. 


Investigation 


Investigation of a suspected case of haemobilia depends very 
much on the presentation and suspected aetiology. It must 
be remembered that haemobilia often presents days to 
months after an injury. For patients with upper gastro- 
intestinal bleeding, oesophagogastroduodenoscopy (OGD) 
is the first investigation of choice. If blood or clot ıs seen at 
the papilla of Vater, haemobila is likely to be the cause of 
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the haemorrhage. However, as few as 12 per cent of these 
endoscopies may be diagnostic??? and further investigation 
may be required. 

The choice of subsequent investigation depends on the 
history and the level of suspicion. Goodnight and 
Blaisdell!!? in 1981 recommended OGD, computed 
tomography (CT) and then angiography for cases following 
trauma. Savastano etal.!® investigated vascular parenchy- 
mal causes of upper gastrointestinal bleeding using OGD 
followed by CT then angiography, but all cases required 
angiography at some point. Angiography is now recognized 
as the definitive investigation, but many patients can be 
managed adequately on the basis of endoscopic and 
cholangiographic findings. Initial investigations may sug- 
gest haemobilia, which was confirmed by angiography in 59 
per cent of cases. For those patients in whom endoscopy 
alone gives an adequate diagnosis and conservative manage- 
ment follows, further investigation is not normally per- 
formed. In the current series there were nine cases in which 
the haemobuha originated in the gallbladder and this was 
confirmed at laparotomy without further investigation. 
OGD was normal in 11 patients who were found to have 
haemobilia on further investigation. There were only two 
normal angiograms performed on patients subsequently 
found to have haemobilia, and this investigation, although 
not always necessary, is the gold standard for confirming the 
site and aetiology of haemobilia. Circumstantial evidence of 
haemobilia may be found using ultrasonography, CT and 
radioisotope studies. 

Angiography was first used to demonstrate gastrointest- 
inal bleeding in 1960!7° and can be expected to detect a 
vascular abnormality in over 90 per cent of cases of 
significant haemobilia’. As well as detecting active bleeding 
from an arteriobiliary fistula, an arterioportal fistula and 
false aneurysm may be seen. Technical difficulties may arise 
with anomalous origins of the hepatic artery or when there 
has been previous surgery and in some cases the angiogram 
may appear normal, particularly if the study is performed 
when there is no active bleeding’. The role of cholangio- 
scopy in cases of haemobilia has not been clearly defined 
other than to investigate the aetiology; it has been used in 
treatment?” 

Many patients presenting with haemobilia will have CT 
performed at some point, particularly those with blunt 
trauma to the abdomen, and active bleeding may be seen at 
the time of the investigation. Further evidence of active or 
recent bleeding into the biliary tree and gallbladder may be 
identified by pooling of contrast medium, intraluminal clots 
and biliary dilatation!?’°"!7"”7_ Although CT is not 
sensitive in detecting bleeding following liver injury, 
limiting tts use as a first line of investigation for suspected 
haemobilia, it is specific and patients with CT evidence of 
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arterial or venous injury require angiography”. Various 


risk factors for developing haemobilia can be identified 
including cavitating lesions, aneurysms and pseudoaneur- 
ysms. CT may be used subsequently to follow the progress 
of these lesions. ‘Periportal tracking’ is an area of low 
attenuation around segmental portal veins representing 
more subtle liver injury associated with an increased risk of 
developing haemobilia'’*. The CT grade of liver injury 
alone is not a good predictor of the development of 
subsequent haemobilia’*”. 

Ultrasonography of the liver for cases of suspected 
haemobilia is useful but may be misleading. One series 
included ten patients with haemobilia so investigated, of 
whom eight were reported as having normal bile ducts and 
the other two as having common bile duct cholelithiasis’”’. 
The reasons for these findings have been investi- 
gated'®17%177. Immediately following a bleed into the 
biliary tract there may be diffuse but high echogenicity 
similar to that of the liver itself, so that the bile ducts may 
not be seen at all. With the formation of clot from 24 to 
48 h, a soft tissue mass may fill part of the duct with 
dilatation of the proximal duct. The clot then contracts, 
forming a tubular configuration conforming to the wall of 
the duct and the residual lumen may be mistaken for the true 
lumen. The evolution of diffuse hyper-reflectivity to less 
reflective masses strongly supports the diagnosis of 
haemobilia’”®. Aneurysm and pseudoaneurysm of the 
hepatic arteries may be noted as well circumscribed 
anechoic masses; although they are not necessarily pulsatile, 
Doppler ultrasonography may show flow within them, 
differentiating them from biloma or cyst!””. Fresh blood 
clots within the gallbladder are highly echogenic. They 
appear as non-shadowing, non-mobile masses and changes 
of acute cholecystitis may be seen’. 

Cholangiography is useful if there is already percuta- 
neous access or if endoscopic retrograde cholangiopan- 
creatography (ERCP) is performed**!”°. Blood may be 
seen refluxing down drainage catheters or at the papilla of 
Vater, and contrast studies may show filling defects in the 
biliary tree. The morphology of these defects is variable. 
String-like defects may occur if the clots have formed a cast 
of the biliary tree”®, or smaller spherical defects may be 
seen!!8 (it is of perabular importance to discriminate these 
from gallstones*”'*). Aneurysm or pseudoaneurysm of the 
hepatic artery may cause indentation of the bile duct, and 
biloma may be noted'”®. Parasitic infection of the biliary 
tree may also be confirmed at ERCP'®°. 

The role of scintigraphic studies for the investigation of 
haemobilia is controversial. Although bleeding rates as low 
as 0-1 ml/h may be detected, the liver provides a large pool 
of radioisotope that obscures visualization of extravasation 
into the bile ducts.” Tc-labelled sulphur colloid has a low 
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background activity and is rapidly cleared by the reticu- 
loendothelial system. However, this clearance results in 
high levels of isotope masking pathology in the bile ducts. 
°™Tc-labelled red blood cells (° Te-RBCs) remain in the 
circulation for up to 48 h, making them useful for the 
investigation of intermittent bleeding. The higher back- 
ground activity means that greater rates of bleeding are 
required if a bleeding point is to be demonstrated! “°. When 
used in the investigation of haemobilia, ’?’" Tc-RBC scans 
can provide direct evidence of bleeding into the bile 
ducts”?! and indirect evidence by demonstrating loca- 
lized ‘hot spots’ where isotope has been obstructed by clotin 
the intrahepatic bile ducts! Haemorrhage into the 
gallbladder may also be seen®'®*. If a cause for occult 
gastrointestinal bleeding is being sought, the liver should be 
included in the field to be studied. There is a role for 
scintigraphy in the investigation of suspected haemobilia if 
other investigations have proved normal. 


Management 


The management of haemobilia is directed at stopping 
bleeding and relieving biliary obstruction. Surgical inter- 
vention was first described in Kehr'®* in 1903, consisting of 
ligation of the right hepatic artery. In 1976 Walter et al.'"° 
reported the first successful TAE of a hepatic artery and, 
with recent improvements in selective catheters, this is now 
the first line of intervention to stop bleeding for most causes 
of haemobilia. Various approaches to biliary decompression 
have been described. The published evidence is in the most 
part anecdotal and descriptive. There are no randomized 
comparisons available but the cases series reviewed give a 
good guide to appropriate management (Table 2). 

TAE involves the selective catheterization of a hepatic 
artery followed by embolic occlusion by autologous blood, 
balloon, microcoils, cyanoacrylate or Gelfoam (Pharmacia 


Table 2 Management of 171 cases of haemobilia reported 
between January 1996 and December 1999 


f No. of cases 


73 (43) 
61 (36) 
20 {12) 
13 (8) 
2 (1) 
_Sclerotherapy/vasocons ctors ; > 20) 
Catheter compression (a r PTBD) ene) e 
Unsuccessful’ TAE requiring hepatic artery ligation ; <3 (2) 








Values in parentheses are percentages. “Including correcting coagulo- 
pathy and adequate drainage. TAE, transarterial embolization; PTBD. 
percutaneous transhepatic biliary drainage 


2001 Blackwell Science Ltd 





and Upjohn, North Peapack, New Jersey, USA). 
reviews and retrospective series have shown t Bes success rate 
of TAE to be 80-100 per cent?) ?? 91S 7 

mortality and morbidity rates are lower i 
surgery'"*. A prospective study of TAE in 
haemobilia was undertaken by Horak etal. using poh 
hydroxyethyl methacrylate. Failure may be technical or due 
to the extensive collateral hepatic’ ™® and bile duct” 
vessels, and surgical facilities must be available!” The 
portal vein should be patent if arterial embolization is to be 
attempted!” and hepatic sepsis is a relative contraindica- 
tion for TAE!*”, Antibiotic prophylaxis is recommended it 
hepatic haematoma is present. Liver function is not usually 


Previous 











blood 


return to 
normal after 6 weeks following a transient rise”). Death 
secondary to hepatic ischaemia following TAF has been 
reported'””, but the method has been used successf 
in some liver transplant patients in whom th 


compromised and liver enzyme blood levels 






eportal 
proved adequate. However, TAE must be recogni ie asa 
high-risk procedure in such patients’ ” 
arterial angiography with a view to stones ag te TAE is 
indicated for those cases of major haernobilia requiring 
blood transfusion, if bleeding is prolonged or recurs despite 
correction of coagulopathy, and in cases of minor haemo- 
bilia causing anaemia. It is also indicated if CT or 
ultrasonography indicates vascular injurv. Because of the 





likelihood of rupture of aneurysms and pseudoaneurysms, 
their elective embolization is advised. 

Surgery is indicated when TAE has failed, for ch 
titis, when there is hepatic sepsis and for iailure to drain 
biliary tree. Even if laparotomy is required for orh: 
pathology, TAE must still be considered as a first hne of 
treatment for haemobilia. Ultimately the cause of bleeding 
and biliary obstruction may be dealt with at the same 
procedure’ '!!” liga 
the bleeding vessel or excision of the aneurysm. Whe 
cannot be identified, non-selective 
left hepatic artery may be performed. Ifrheve is concern that 
the blood supply to the liver will be compromised, arterial 
reconstruction is indicated, bypassing the affected section of 
blood vessel using venous autograft or splenoheparic 


66 







olecys- 


tion of 
n this 


ligation of the right or 


. Surgery for bleeding involves 


anastomosis”. If haemorrhage from collateral vessels 
continues even after ligation of the common hepatic 
artery!” 
necessary. Further surgical options are dependent on 
whether the site of bleeding is intrahepatic or extrahepatic. 
If intrahepatic, such as following severe trauma or for 
tumour, partial hepatectomy may be 
Haemorrhage from ae gallbladder anc 
cholecystitis require urgent cholecystect 
does cholecystitis following haemob: 


3 k af wy : A 3 eo. Pegs 
, resection of the affected liver segment may he 





necessary 





haemorrh 
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Pancreatectomy and Roux-en-Y formation for extrahepatic 
bleeding has also been reported’? 

Although there are case reports of endoscopic coagula- 
tion of bleeding points this has not become accepted 
management!!®, However, it may be useful in cases of 
tumour bleeding when it can be combined with effective 
biliary drainage. There also exist case reports of vasopressin 
administration as a pharmacological method of stopping 
haemorrhage”*’6, but with limited success as the hepatic 
vasculature is less responsive than the rest of the splanchnic 
blood supply’”°. Somatostatin alone has been used success- 
fully in haemobilia secondary to pancreatitis’™. If the rate 
of blood loss is not significant, there is no evidence of 
significant underlying pathology such as aneurysm, and 
there is no bile duct obstruction, expectant management is 
appropriate’™’!”!!9. Jf there is evidence of obstruction, 
endoscopic decompression may be used with or without 
nasobiliary drainage or stenting of the bile duct’"!?’. Series 
reviewing the management of haemobilia following PTBD 
recommend removal of the drain or passing a larger 
catheter’'* and irrigation of the bile ducts alone*!”°, but 
if this is not successful TAE will also be required?! ?®51, 

When Sandblom’s review of haemobilia was published in 
1972, the mortality rate was at least 25 per cent!!!. By 1987 
the reported mortality rate was 12 per cent!!?. There were 
five reported deaths from haemobilia in the 4 years 1996- 
1999, with a further six deaths from other causes shortly 
after otherwise successful management of haemobilia. Of 
those deaths resulting from haemobilia, one followed 
cholecystectomy’®®. A second patient died despite chole- 
cystectomy and TAE following rupture of a pseudoaneur- 
ysm caused by cholelithiasis”. One patient with gallbladder 
carcinoma died after laparotomy*’. Two died following 
conservative management (pancreatic carcinoma!™, poly- 
arteritis nodosa’), The chronological reduction in mortal- 
ity rate is a reflection of two factors. First, the incidence of 
minor haemobilia, usually iatrogenic in aetiology, has 
increased. This is often easily diagnosed, for example by 
the presence of blood in biliary drains, and it is these cases 
that explain the high proportion of resolution with 
conservative therapy. Second, improvements in the man- 
agement of more significant haemobilia, particularly TAE, 
have resulted in lower mortality and complication rates than 
those associated with open surgery. 


Conclusion 


The diagnosis of haemobilia depends on the level of clinical 
suspicion. If actively sought, it will be found in a significant 
proportion of patients following hepatic instrumentation. 
Fortunately it only causes complications in a small number 
of patients. Urgent investigation of patients who are 
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suspected of having significant haemobilia, using endo- 
scopy and angiography, will confirm the diagnosis. 
Circumstantial evidence of haemobilia may be found with 
CT and ultrasonography. Angiography should be under- 
taken with a view to TAE, which is the first choice of therapy 
with a high success rate. If other conditions require 
operation, surgery remains an alternative, but TAE must 
still be considered as a means of minimizing the extent of the 
surgery required. Biliary decompression and restoration of 
bile flow past clots may also be necessary and this may be all 
that is required in cases of minor haemobilia. With the 
change in aetiology and the advent of new diagnostic and 
therapeutic techniques the mortality rate associated with 
haemobilia is low. 
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Background: Antiplatelet agents may prevent vascular events and death in patients with peripheral 
vascular disease (PVD). 

Methods: A systematic review of 39 randomized controlled trials of antiplatelet therapy in patients with 
PVD was performed. 

Results: For patients with PVD the number suffering a non-fatal myocardial infarction, non-fatal stroke 
or vascular death in the antiplatelet group was 6-5 per cent compared with 8-1 per cent in the placebo 
group (odds ratio 0-78 (95 per cent confidence interval (c.i.) 0-63-0-96); P = 0-02), favouring antiplatelet 
treatment. For infrainguinal bypass surgery (ten trials) and balloon angioplasty (two) the differences 
were still in favour of antiplatelet therapy, but they did not reach statistical significance. In five trials of 
aspirin against another antiplatelet agent, 8-4 per cent in the aspirin group suffered a vascular event 
compared with 6-6 per cent in the second antiplatelet group (odds ratio 0-76 (95 per cent c.i. 0-64-0-91); 
P < 0.01), favouring ticlopidine/clopidogrel/aspirin + dipyridamole against aspirin alone. 

Conclusion: Antiplatelet therapy reduces serious vascular events and vascular death in patients with 
PVD. For infrainguinal arterial surgery or balloon angioplasty the benefit remains unproven, but the 
number of trials to date is small. There is also evidence to support the use of antiplatelet drugs other 


than aspirin for the prevention of vascular events in those with PVD. 


Paper accepted 26 January 2001 


Introduction 


Peripheral vascular disease (PVD) 1s often complicated 
by ischaemic episodes occurring not only in the 
peripheral circulation but also in the coronary and 
cerebral vessels'*. Despite the relatively benign prog- 
nosis for the affected limb, the symptoms of inter- 
mittent claudication are an indicator of systemic 
atherosclerosis*. Compared with age-matched controls, 
patients with intermittent claudication have a threefold 
increase in cardiovascular mortality rate**%’. The 
majority of patients with intermittent claudication are 
treated conservatively; smoking must be stopped and 
regular exercise is encouraged*"'. Antiplatelet treat- 
ment is given to reduce the risk of cerebrovascular and 
coronary events. Patients undergoing vascular interven- 
tions (e.g. surgical bypass, endarterectomy or percuta- 
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neous transluminal angioplasty (PTA)) are usually kept 
on antiplatelet treatment for the same reason, as well as 
to maintain graft and peripheral vessel patency!*"”?. 
Antiplatelet therapy (aspirin 75-325 mg daily) 1s effective 
in long-term secondary prevention of vascular events in 
patients at high nsk of vascular disease, including those who 
have had an ischaemic stroke or acute myocardial infarc- 
tion!” !*, The benefit of aspirin therapy for patients with 
raised vascular risk has already been described ın a recent 
meta-analysis by the Anuplatelet Trialists’ Collaborative 
group (APTC)’*. The APTC presented a meta-analysis of 
properly randomized trials that compared prolonged 
antiplatelet therapy (at least 1 month) against controls to 
establish efficacy, and trials that compared different 
antiplatelet agents. The present study augments the analysis 
presented by the APTC where necessary. ‘The authors have 
reviewed trials published after March 1990 (the cut-off date 
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for the APTC meta-analysis) assessing the impact of 
antiplatelet therapy in patients with PVD. 

Clinical studies have demonstrated increased platelet 
aggregation in those affected by PVD!*-!, However, it is 
not clear what the balance of risk and benefit of antiplatelet 
therapy is when given to such patients. Such treatment 
might reduce vascular death by reducing the incidence of 
cerebral and coronary thrombosis. However, antiplatelet 
therapy could also increase the risk of blood dyscrasias (e.g. 
ticlopidine) and gastrointestinal haemorrhage (e.g. aspirin), 
thus offsetting any benefits. There are also newer classes of 
antiplatelet drugs that do not act on the cyclo-oxygenase 
pathway and these have now been evaluated in large clinical 
trials. These drugs (e.g. ticlopidine, clopidogrel and the 
glycoprotein (Gp) Hb-Hla blockers) have yet to make a 
major impact in the treatment of PVD, although they have 
been used extensively in association with coronary angio- 
plasty and stenting. To assess the efficacy and safety of 
antiplatelet therapy administered acutely to patients with 
PVD, a systematic review was undertaken of all randomized 
controlled trials in this field. 


Objective 


The aim of this review is to provide evidence-based 
recommendations on the use of antiplatelet treatment for 
the prevention of cardiovascular events and stroke in 
patients with PVD. The effect of antiplatelet agents in 
reducing vascular mortality rates and cardiovascular events 
(myocardial infarction and stroke) was assessed in patients 
with PVD (Fontaine stage I) and in patients undergoing 
vascular intervention (surgery or PTA). Only antiplatelet 
agents whose principal mode of action is through inhibition 
of platelet aggregation or adhesion, or both, were included 
(Table 1). Agents known to have major vasodilating actions 
such as serotonin receptor antagonists (ketanserin), prosta- 
noids (iloprost, beraprost), pentoxyfylline and naftidrofuryl 
were excluded. These drugs do not have a direct antiplatelet 
effect. Trials involving anticoagulants were not included. 


Selection criteria 


Studies 


All double-blind and randomized controlled trials of 
antiplatelet treatment (aspirin, dipyridamole, indobufen, 
sulphinpyrazone, picotamide, suloctidil, ticlopidine and 
clopidogrel) versus placebo, or versus other antiplatelet 
agents, in patients with stable intermittent claudication or 
critical ischaemia (Fontaine stages H-IV) or undergoing 
vascular surgical intervention (surgery or PTA) were 
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Table 1 Antiplatelet agents included in the analysis: the 
principal mode of action is through inhibition of platelet 
aggregation or adhesion 









Mode of action - ‘Antiplatelet drugs 


Gyclo-oxygenase inhibitors: ~ Aspirin, ibuprofen, indobute 


; . sulphipyrazone, triflusal - 
Phophodissterase inhibitors Dipyridamole cae 
Platelet calcium channel ion- Suloctidit 

inhibitors che 
Thromboxane’ synthase inhibitors. Picotamide — 


Thienopyridine derivatives Ticlopidine, clopidogrel 


included. A randomized controlled trial was defined as a 
trial in which the subjects were assigned prospectively to 
one of two (or more) treatment arms by random allocation 
or by some quasi random method of allocation'®. 


Participants 


All patients with stable PVD (Fontaine stage II) for more 
than 6 months or patients undergoing vascular surgical 
intervention (surgery or PTA) for PVD" were included in 
the analysis. 


Intervention 


Either antiplatelet treatment (aspirin, dipyridamole, indo- 
bufen, sulphinpyrazone, picotamide, suloctidil, ticlopidine 
and clopidogrel) versus placebo, or one antiplatelet drug 
(aspirin) versus another antiplatelet regimen, were included. 
The antiplatelet or placebo intervention must have been 
given for at least 4 weeks; the type of therapy, dosage, time 
of starting and duration of therapy was recorded. 
Comparisons with exercise, anticoagulants or surgery 
were not included. 


Outcome measures 


The following outcomes were assessed: non-fatal myocar- 
dial infarction, non-fatal stroke and vascular/unexplained 
death. Significant gastrointestinal haemorrhagic side- 
effects were also included. 


Data collection 


Identification of trials 


All relevant randomized controlled trials of antiplatelet 
agents for PVD that were available for review by January 
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1999 were identified. Studies that involved patients under- 
going vascular surgical intervention were also included. 
‘The search strategy attempted to locate systematic reviews, 
meta-analyses and randomized trials using a combination of 
medical subheadings and free text searches from the 
following sources: 

1 The National Library of Medicine’s Medline database 
from January 1966 to January 1999. 

2 Embase from January 1980 to January 1999 using the 
same terms. ; 

3 The register of trials held by the APTC”. 

4 Cochrane Controlled Trials Register in the Cochrane 
Library (including Medical Editors’ Trial Amnesty 
Database)". ! 

5 Proceedings from vascular surgical society meetings 
(Vascular Surgical Society of Great Britain and Ireland, 
European Vascular Surgical Society, North American 
Society of Vascular Surgery). 

6 The following pharmaceutical companies that market 
antiplatelet agents (ticlopidine, clopidogrel) were con- 
tacted for details of any trials, particularly unpublished 
ones: Bristol Myers Squibb, Sanofi Winthrop. 


Methodological quality 


The methodological rigour and clinical significance of 
each trial was assessed independently by each reviewer 
using the criteria used by the Cochrane Collaboration, 
with emphasis on concealment of randomization’®”'. 
Each reviewer gave the trial an allocation score of A 
(clearly concealed), B (unclear if concealed), C (not 
concealed) or D (not used). Any discrepancies between 
reviewers in the above scores were discussed and a 
consensus reached. Trials scoring A for concealment of 
randomization were included, C and D excluded, and B 
discussed in detail (Table 2). 


Outcome measures and data extraction 


Data from the trials were independently extracted by two 
assessors and analysed using Meta-View version 4.0.3 
(Update Software, Oxford, UK). Information regarding 
trial design, patient characteristics, dosages and duration of 
treatment was collected for each study. The data collected 
on each trial included information on the participants (age 
and sex distribution, assessment of claudication such as 
treadmill testing, ankle : brachial pressure index (ABPI) 
and type of surgical procedure where relevant), interven- 
tions (type and dosage of antiplatelet treatment and 
duration) and outcomes. Data relating to haemorrhagic 
side-effects were also collected. 
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The main outcome measures were: non-fatal myocardial 
infarction, non-fatal stroke or vascular death. Data on time 
to vascular event were not extracted. Data synthesis 
comprised a comparison of group results. Individual patient 
data from different trials were not amalgamated. 


Statistical analysis 

Data analysis was performed on an intention-to-treat 
basis using the groups that subjects were randomized 
to. In order to determine the size of the effect of 
antiplatelet treatment, the Peto odds ratio, relative risk 
and 95 per cent confidence intervals (c.i) were 
estimated for each trial. Heterogeneity between trials 
was tested for using x’ tests; P<0.05 indicated 
significance. As long as statistical heterogeneity did 
not exist, a fixed effects model was used to calculate 
summary Peto odds ratios, relative risks and 95 per 


cent c.i.?1, Where heterogeneity was found, a random 
effects model was used. 


Description of studies 


Thirty-nine randomized controlled trials fulfilled the 
initial criteria for consideration in this review’? 
(Table 2). There were 24 trials of antiplatelet treatment 
versus placebo in patients with intermittent claudica- 
tion22-26:30,31,34-37,40,44-49,51,57,58,60-64 and ten trials of 
antiplatelet treatment versus placebo in patients under- 
going lower limb bypass surgery?7:2%333839,41,42,50,53-56, 
There were two trials of antiplatelet treatment against 
placebo in patients with PVD undergoing PTA?®®., 
There were five trials of one antiplatelet treatment 
(aspirin) versus a second antiplatelet treatment in 
patients with PVD?**°9257-59| Two trials were 
included in the comparison of antiplatelet treatment 
versus placebo as well as in the comparison of 
antiplatelet treatment (aspirin) versus a second anti- 
platelet treatment as both of these trials had three 
study arms involving two antiplatelet treatments and 
placebo***’. The description of these studies is 
summarized in Table 2. 

The 24 trials of antiplatelet treatment versus placebo 
in patients with intermittent claudication involved a 
total of 6036 patients??-263031,3437,40,44-49,51,57,58,60-64, 
Ten trials of antiplatelet treatment versus placebo in 
those undergoing lower limb bypass sur- 
gery?729:33:38,39,41,42,50,53-56 involved 1765 patients, and 
two trials of patients undergoing PTA?®® involved 422 
patients. Five trials of one antiplatelet treatment 
(aspirin) against another antiplatelet regimen (aspirin 
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and dipyridamole, ticlopidine or clopidogrel) >+ 
contained 6928 patients with PVD. 
Mortality data were available either from the published 
study or through contact with the authors. In 12 studies 
there were no deaths in either the antiplatelet or placebo 


23,31,33,34,46,48,51,53,60,61,63,64. 
groups” : pet 


Methodological quality of included studies 


All studies were randomized controlled trials. In 21 trials a 
method of concealment was used that would be expected to 
reduce foreknowledge of treatment allocation (computer- 
ized randomization, pharmacy-controlled randomization 
or serially numbered sealed envelopes)’?7*7°-“0?* Pages 
404246-49,56.60.61 Trials with adequate concealment of 
were given allocation 
However, in 18 trials concealment of allocation was 
24, 31,33, 38,5941 44,45,51-55,57-59,62- 6t These trials 
were given an allocation score of B. These trials were 
reported as randomized but with no details on the method 
of concealment. 
between the study groups in these trials. After discussion 
between reviewers these studies were included in the main 
analysis. 

There were either no or minimal losses to follow-up in 
most trials. However, in the atherosclerotic disease evolu- 
tion by picotamide (ADE P) trial there were 114 patients lost 
to follow-up’*. This represented 5 per cent of the ADEP 
patients but there was no difference in percentage of 
patients lost to follow- -up in the antiplatelet or placebo 
groups. In eight studies? 777478500100 patients lost to 


randomization scores of A. 


unclear” 


There were no significant differences 


follow-up accounted for 5 per cent or less of the respective 
study populations. In four trials?*3°*** patients lost to 
follow-up accounted for more than 10 per cent of the 
respective study populations. 


Results 


Antiplatelet drugs compared with placebo in 
peripheral vascular disease (Table 3) 


There were 24 trials of antiplatelet treatment in PVD that 
met the inclusion criteria??-26303 134-37 4044-49,51.57,58.60-67 | 
There was no significant heterogeneity between the 24 
trials (P = 0-88). The pooled Peto odds ratio using a fixed 
effects model for vascular events was 0-78 (P = 0-02) 
favouring antiplatelet treatment in patients with inter- 
mittent claudication. For the incidence of death from 
vascular or unknown causes in patients allocated antiplate- 
let therapy the odds ratio was 0-75 favouring antiplatelet 
treatment. For non-fatal myocardial infarction the odds 
ratio was 0-97 but was not statistically significant. For the 
incidence of non-fatal stroke the odds ratio was 0-68 
favouring antiplatelet treatment but just failing to reach 
statistical significance. 


Antiplatelet drugs compared with placebo in lower 
limb bypass surgery (Table 3) 


There were ten trials of antiplatelet treatment in lower 
limb bypass surgery that met the inclusion cri- 


27,29,33,38,39,4142,50,53-56 + «mi 
terig eee °° with no significant heteroge- 


Table 3 Summary of results of antiplatelet drugs compared with placebo in patients with peripheral vascular disease (PVD) and 
patients with PVD undergoing lower limb bypass surgery or balloon angioplasty 








Fixed offects model cae 
















-Events (n/total) Heterogeneity 
o Noo sens) Haan ce faa 
‘studies = Antiplatelet agent Control yo Peto oR P 
Peripheral vascular disease Se eee 
Vascular events 24 202/3100 - ` 238/2936 
o Ao 88/3100 4110/2936 
: 78/3100 77/2936 
36/3100 51/2936: 
78/893 -92/872 
46/893 53/872 
14/893 18/872 
Non-fatal stroke 18/893 21/872 
PTA fe 
Vascular events 7/240 6/182 
Vascular death/not known o 3240 o 
Non-fatal Mo ; 340 282 - 
Non-fatal stroke 1/240 1/182 





Values in parentheses are 95 per cent confidence intervals. MI, myocardial infarction; PTA, percutaneous transluminal angioplasty; OR, odds ratio 
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neity between the ten trials (P = 0-12). The pooled Peto 
odds ratio using a fixed effects model for vascular events was 
0-76 in favour of antiplatelet treatment but it did not reach 
statistical significance. For the incidence of death from 
vascular or unknown causes the odds ratio was 0.80 
favouring antiplatelet treatment in patients after lower 
limb bypass surgery, but this again did not reach statistical 
significance. For the incidence of non-fatal myocardial 
infarction the odds ratio was 0-71, again favouring 
antiplatelet treatment but not reaching statistical signifi- 
cance. For the incidence of non-fatal stroke the odds ratio 
was 0-95 in favour of antiplatelet treatment but again this 
was not statistically significant. 


Antiplatelet drugs compared with placebo in balloon 
angioplasty (Table 3) 


In two studies involving patients with PVD undergoing 
PTA, seven (2-9 per cent) of the 240 patients allocated to the 
antiplatelet group suffered a vascular evenť®® compared 
with six (3-3 per cent) of the 182 patients allocated to 
placebo. The pooled Peto odds ratio using a fixed effects 
model for vascular events was 0-73 (P = 0-6) showing no 
significant benefit for antiplatelet treatment in this patient 


group. 


Comparisons between different antiplatelet regimens 
in peripheral vascular disease 


In-five trials comparing one antiplatelet regimen against 
aspirin in patients with PVD, 292 (8-4 per cent) of 3467 
patients in the aspirin group suffered a vascular 
event?”455257-59| In the second antiplatelet regimen 
group (ticlopidine, clopidogrel or dipyridamole/aspirin 
combination), 227 (6-6 per cent) of 3461 patients suffered 
a vascular event. There was no significant heterogeneity 
between the five trials (x? = 3-49, 4 d.f., P = 0-63). The 
pooled Peto odds ratio using a fixed effects model for 
vascular events was 0-76 (95 per cent c.i. 0-64-91) 
favouring the second antiplatelet regimen in patients with 
PVD (P = 0-003). The biggest effect was noted in the 
clopidogrel versus aspirin in patients at risk of ischaemic 
events (CAPRIE) study in which 215 (6-7 per cent) of 3223 
patients in the clopidogrel group suffered a vascular event 
compared with 277 (8-6 per cent) of 3229 patients in the 
aspirin group. In this CAPRIE subgroup the odds ratio for 
vascular events was 0-77 (95 per cent c.i. 0-64-0-92) 
favouring clopidogrel (P = 0-0028). 

The incidence of death from vascular or unknown causes 
in patients allocated to receive aspirin was 130 (3-7 per cent) 
of 3467 patients. The corresponding total in the second 
antiplatelet regimen group was 104 (3-0 per cent) of 3461 
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patients. The pooled Peto odds ratio using a fixed effects 
model was 0-80 (95 per cent c.i. 0-61—1-03) favouring the 
second antiplatelet regimen group (P = 0-10); this was not 
statistically significant. 

The incidence of non-fatal myocardial infarction in 
patients allocated aspirin was 87 (2-5 per cent) of 3467 
patients. The corresponding total in the second antiplatelet 
group was 52 (1-5 per cent) of 3461 patients. The pooled 
Peto odds ratio using a fixed effects model was 0-60 (95 per 
cent c.i. 0-43-0-84) favouring the second antiplatelet 
regimen group (P < 0-01). 

The incidence of non-fatal stroke in patients allocated to 
receive aspirin was 75 (2-2 per cent) of 3467 patients. The 
corresponding total in the second antiplatelet regimen 
group was 71 (2-0 per cent) of 3461 patients. The pooled 
Peto odds ratio using a fixed effects model was 0.95 (95 per 
cent c.i. 0-68-1-31) indicating no statistically significant 
difference between the two groups. 


Adverse events 


Overall there was no significant difference in the incidence 
of major bleeds between the antiplatelet and the placebo 
group. In 36 trials involving patients with claudication 
undergoing surgery or PTA in which antiplatelet treatment 
was compared with placebo, 47 of 4349 patients in the 
antiplatelet group had a major bleed??-3133->193-97,60-64 In 
the placebo group 33 of 4100 patients had a major bleed. 
There was no significant heterogeneity between the 36 trials 
Q = 9-3, 13 d.f., P = 0-81). The pooled Peto odds ratio 
using a fixed effects model was 1-40 (95 per cent c.i. 0-90- 
2-20) (P = 0-13) indicating no significant difference in major 
bleeding between the antiplatelet and placebo groups. 

In five trials involving patients with PVD in which one 
antiplatelet regimen was compared against another, 68 (2-0 
per cent) of 3467 patients in the aspirin group suffered a 
major bleed*”*>*?7-*?, In the second antiplatelet regimen 
group (ticlopidine, clopidogrel or dipyridamole/aspirin 
combination), 50 (1-4 per cent) of 3561 patients suffered a 
major bleed. There was no significant heterogeneity 
between these five trials (x? = 4-13, 1 d.f., P = 0-13). The 
pooled Peto odds ratio using a fixed effects model for major 
bleeds was 0-73 (95 per cent c.i. 0-51-1-06) (P = 0-1) 
indicating no statistically significant difference in terms of 
major bleeding between the two groups. 


There is evidence that antiplatelet therapy protects a wide 
range of high-risk patients against vascular death, myocar- 
dial infarction and stroke’*. The APTC presented a meta- 
analysis of randomized trials until March 1990 that 
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compared ‘prolonged’ antiplatelet therapy for at least 
1 month with placcbe to establish the efficacy in several 
high-risk groups'”. Further to that work, this review has 
identified five large randomized controlled trials of 
antiplatelet treatment in PVD involving over 9000 patients 
in total??"7753932 The ADEP” study was mentioned in 
the discussion of the APTC; however, it did not contribute 
to the main analysis, as these results were available after the 
deadline for that overview. The EMATAP*° and 
Becquemin”’ studies both looked at the effects of ticlopi- 
dine against placebo in PVD. The CAPRIE?” study is the 
only published study to date providing data on clopidogrel 
in PVD. 

Aspirin is administered to patients with PVD to prevent 

death and disability from stroke and myocardial infarc- 
tion®’, Intermittent claudication is associated with under- 
lying disseminated atherosclerosis that carries a twofold to 
threefold increase in cardiovascular mortality rate in 
comparison to age-matched controls**”°. The original 
meta-analysis from the APTC’* of 31 randomized trials 
involving more than 29 000 patients with vascular disease 
convincingly showed that long-term aspirin therapy sig- 
nificantly reduced the overall vascular mortality rate as well 
as the incidence of non-fatal stroke and myocardial 
infarction. An update of this meta-analysis reviewed 174 
randomized trials of antiplatel et therapy involving more 
than 100 000 patients'*. Among high-risk patients, aspirin 
therapy was protective, reducing non-fatal myocardial 
infarction by one-third, non-fatal stroke by about one- 
third, and death from all vascular causes by about one-sixth. 
Sex, advanced age, hypertension and diabetes had no effect 
on this benefit. For all conditions, aspirin 75-325 mg daily 
was at least as effective as any other regimen, including 
higher-dose aspirin therapy which is more likely to cause 
side-effects and gastrointestinal complications". 

The 1994 APTC report demonstrated the effectiveness 
of antiplatelet treatment"’, 
or previous myocardial infarction, stroke or transient 
ischaemic attack. Another 20000 high-risk patients, 
representing a mixed category at risk of occlusive vascular 
disease (including the PVD subgroup), were thought likely 
to have a protective effect from aspirin. This was based on an 
overall result as there was no significant heterogeneity 


especially in patients with acute 


between the subgroups studied. However, the analysis of 


trials involving patients with PVD and those undergoing 
infrainguinal bypass surgery did not show a marked benefit. 
This observation suggests that in PVD antiplatelet therapy 
is not as effective as it is in other vascular risk groups. In the 
present review of 24 randomized controlled trials involving 
antiplatelet therapy R 6036 stable claudicants, antiplatelet 
therapy produced a 22 per cent risk reduction in vascular 
events. This is similar to the APTC meta-analysis findings 
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in the ‘high-risk group’ of patients with clinically evident 
occlusive vascular disease. The recent North of England 
evidence-based guideline on the use of aspirin as secondary 
prophylaxis for vascular disease in primary care states that 
aspirin given to patients with intermittent claudication 
seems to have a small and statistically uncertain effect on the 
risk of a vascular event”. Evidence was reviewed from 23 
randomized trials with the conclusion that aspirin for 
intermittent claudication was unlikely to have a beneficial 
effect on the subsequent incidence of non-fatal myocardial 
infarction, non-fatal stroke and death from vascular causes. 
Overall, the risk difference in pe of treatment was 1-3 
per cent (95 per cent c.i. 0-1-2-7 per cent), a difference of 
borderline significance. A ae conclusion was that 
patients with intermittent claudication who have additional 
indications of raised vascular risk (acute myocardial 
infarction, previous myocardial infarction, stable and 
unstable angina, and previous stroke or transient ischaemic 
attack) should benefit from antiplatelet treatment as 
secondary prevention. 

In the present review, data from 24 randomized 
controlled trials show that there is a modest benefit from 
antiplatelet therapy in patients with stable PVD. Although 
antiplatelet treatment given in practice is usually in the form 
of aspirin (75-325 mg), the majority of the trials of 
antiplatelet therapy in PVD involved other antiplatelet 
agents (Table 4). The largest study, ADEP, contained 2304 
patients and involved the use of picotamide which is not a 
commonly used antiplatelet agent”*. Ticlopidine was the 
antiplatelet agent studied in 15 trials and suloctidil was 
studied in four trials. Only six trials studied the use of aspirin 
in PVD and most involved high-dose aspirin (975- 
1500 mg) 859" One might wonder if low-dose 
aspirin would be less effective than the newer antiplatelet 
agents in patients with stable PVD but who still have an 
increased risk of myocardial infarction or stroke®. The use 
of low-dose aspirin in PVD cannot be based on direct 
evidence, only on analogy with coronary and cerebral 
atherosclerosis, for which it has documented efficacy'?"”’. 


Table 4 Antiplatelet agents and number of studies involved 





Antiplatelet drugs < - No of studi E 


Aspirin (+ dipyridamole)” 32,35597.39.41-45,50,52-59 
Ticlopidine?*: 24, 26. 27,39; 3t ia 40.47. 49, 5i: 88: 59. 60, pa, 638 R 
Clopidogrel? > ; 
Suloctidil?246-48.64. 
indobufen t o o Aa 

; Sulphinpyrazone®® 4 a Aes 
Picotamide®? a 
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The most recent trials have compared newer forms of 
antiplatelet therapy (clopidogrel, ticlopidine and picota- 
mide) with placebo or aspirin. There was a benefit in favour 
of a combination of antiplatelet therapy (aspirin and 
dipyridamole) or a thienopyridine (clopidogrel or ticlopi- 
dine) versus aspirin alone. The largest effect was seen in the 
CAPRIE trial which compared the effectiveness of aspirin 
with clopidogrel in 19 185 patients with a mean follow-up 
of 1-9 years’?. The patients had one of three main 
diagnoses: a recent ischaemic stroke, recent myocardial 
infarction or symptomatic PVD. Overall, clopidogrel was 
significantly (P = 0-04) more effective than aspirin with a 
relative risk reduction for vascular events of 8-7 (95 per cent 
ci. 0-3-16-5) per cent in favour of clopidogrel. Although 
CAPRIE was powered for an overall statistical analysis, a 
subgroup evaluation was also carried out. The results of the 
PVD subgroup in CAPRIE have been included in this 
review. In the CAPRIE-PVD subgroup, clopidogrel 
significantly (P = 0-0028) reduced by 23-8 (95 per cent c.i. 
8-9-36-2) per cent the relative risk of vascular events 
compared with aspirin. The incidence of fatal and non-fatal 
myocardial infarction was reduced by 37 per cent 
(P = 0-003). Although the statistical interpretation is 
limited because the CAPRIE trial was powered for overall 
difference and not designed for subgroup analysis, the test 
for heterogeneity was positive (P = 0-042). This indicates 
that the benefit could indeed be different among the patient 
subgroups. The patients in the CAPRIE-PVD subgroup 
had marked atherosclerosis, evidenced by the fact that 63 
per cent had had arterial intervention previously and a mean 
ABPI of 0-57. The large number of participants in the 
CAPRIE-PVD subgroup provides evidence for a currently 
available alternative to aspirin in terms of endpoint 
effectiveness and safety****. There was overlap between 
the three clinical subgroups in the CAPRIE trial. For 
example, 11 per cent of the CAPRIE-myocardial infarction 
subgroup and 16 per cent of the CAPRIE-stroke subgroup 
had intermittent claudication. These patients, numbering 
over 1700, deserve further analysis®. 

Similarly, in the Swedish Ticlopidine Multicentre Study 
(STMS)”, involving 687 patients with intermittent claudi- 
cation followed up for 5-6 years, ticlopidine reduced the 
mortality rate by 30 per cent (P = 0-015) compared with 
placebo. In the Becquemin study”’, involving 243 patients 
undergoing femoropopliteal/tibial bypass, 66-4 per cent 
were alive with a patent graft in the ticlopidine group 
compared with 51-2 per cent in the placebo group (95 per 
cent c.i. 2-9-27-4 per cent; P = 0-002). In the EMATAP 
study”? of 615 patients with intermittent claudication there 
was a statistically significant reduction of vascular events in 
the ticlopidine group compared with placebo (relative risk 
2-93 (95 per cent c.i. 0-96-8-99); P = 0-043). 
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Ticlopidine, which has a similar mode of action to 
clopidogrel, has been shown to be effective when compared 
with placebo. This is based on several randomized 
studies”©?7.30.47,69,70 The APTC meta-analysis suggests 
that there ıs no difference between various antiplatelet 
inhibitors in terms of efficacy. However, it is difficult to 
match variables such as patient numbers, dosages, severity 
of disease and duration of treatment. Therefore, it is 
relevant to consider the double-blind randomized ‘head to 
head’ comparison in the CAPRIE study, between clopido- 
grel and aspirin. These results would be consistent with 
those of studies involving ticlopidine. The evidence from 
the STMS*’, EMATAP?°, Arcan’? and Becquemin?’ 
studies suggests that ticlopidine is effective in PVD, 
where the use of aspirin may have some limitations. This 
is supported by trials of coronary stenting ın which a 
combination of ticlopidine and aspirin was shown to be 
more effective in preventing major complications than 
aspirin alone’’*. Recent work suggests that the effective- 
ness of aspirin depends on the ‘inflammatory’ status of 
patients’. In apparently healthy males participating in the 
Physicians Health Study followed up for 8 years who later 
developed myocardial infarction, the use of aspirin (325 mg 
on alternate days) was associated with a significant risk 
reduction (55-7 per cent; P = 0-02) among those in the 
highest quartile of baseline C-reactive protein (CRP) 
level”. In contrast, there was a non-significant risk 
reduction (13-9 per cent; P = 0-77) among those in the 
lower baseline CRP quartile. Since CRP levels are raised in 
patients with PVD”*, it is likely that aspirin may not be 
equally effective in patients with different severities of 
disease. 

Platelet inhibition is not a uniform process. Only some 
aspects of platelet activity are inhibited by aspirin, which 
acts mainly on endoperoxide synthesis, reducing throm- 
boxane Az (TXA3) release from platelets® . In contrast, 
ticlopidine and clopidogrel inhibit adenosine 5’-dipho- 
sphate (ADP)-induced platelet aggregation, which is a 
relatively aspirin-resistant process’. Clopidogrel also 
inhibits platelet aggregation induced by thrombin, TXA, 
and collagen’*’°. This multiplicity of actions reflects the 
central role of ADP, TxA; and collagen’*”®, ADP in 
particular (released from activated platelets) is of impor- 
tance in mediating and amplifying the aggregation induced 
by several agonists. 

The platelet activators affected by clopidogrel are of 
pathological relevance. ADP is released from damaged cells 
(e.g. erythrocytes) and by activated platelets’”*’*. Thrombin 
is a product of the coagulation cascade, and inhibiting its 
action on platelets is important in the prevention of 
thrombotic events’’. Thrombin-induced platelet aggrega- 
tion is relatively aspirin resistant”. The eiconasoid TXA2, 
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released by aggregating platelets, is a vasoconstrictor and 
promotor of platelet aggregation®!. Collagen is present in 
the subendothelial layer and may activate platelets in blood 
vessels damaged by atherosclerosis®”. 

Platelet hyperactivity has been reported in association 
with many clinical settings, including unstable angina, acute 
myocardial infarction, stroke, transient ischaemic attack, 
diabetes mellitus, cigarette smoking and hyperlipoprotein- 
aemia®*-**, Platelet adhesion and reactivity are increased in 
PVD despite the use of aspirin'*****. Platelet aggregation 
in whole blood has been found to be greater in those with 
PVD than in healthy subjects, and aspirin added zn vitro does 
not significantly affect aggregation in PVD'®!?. These 
studies show that aspirin-resistant platelet aggregation 
occurs in association with PVD. There may, therefore, be 
a group of patients with significant platelet hyperactivation 
and aggregation before any intervention despite concurrent 
aspirin treatment. 

The increased effectiveness of clopidogrel compared 
with aspirin in the CAPRIE study may be related to the 
former’s inhibition of ADP-induced platelet aggregation®™. 
This form of platelet activation may be important in PVD 
and may explain the observed aspirin resistance in these 
patients. Some studies have shown that ticlopidine also 
improves other prothrombotic risk factors (e.g. plasma 
fibrinogen and serotonin) that are not altered by 
aspirin’*®’, Since TXA; and ADP contribute to thrombo- 
genesis, simultaneous inhibition of both pathways with 
clopidogrel plus aspirin might add significantly to the 
proven benefit of aspirin alone. Indirect evidence for the 
efficacy of the combination of aspirin and ticlopidine can be 
found from trials of coronary stenting’ »”?. The side-effect 
profiles of aspirin and clopidogrel were comparable in the 
CAPRIE study”. In particular the reduced neutrophil 
count, which occurs in a small percentage of patients taking 
ticlopidine, was not evident in those taking clopidogrel. In 
daily doses of 75-150 mg aspirin is cheap, has few side- 
effects and is effective at preventing major vascular events in 
patients at high risk of occlusive vascular disease. Any effects 
on vascular events with the addition of other antiplatelet 
agents, such as clopidogrel, may be modest but potentially 
worthwhile®®®*. However, the reliable detection of such 
differences in patients with PVD may require large scale 
randomized evidence. 

Aggressive risk factor (i.e. hypertension, hyperlipidaemia 
and diabetes mellitus) management has resulted in a 
reduction of vascular events in patients with previous 
myocardial infarction” ”. The previous trials of antiplate- 
let therapy in PVD should be evaluated in the setting of 
current clinical practice of cardiovascular risk factor 
management. The results of the CAPRIE*’, 48°! and 
cholesterol and recurrent events” studies suggest that 
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future trials should establish whether simultaneous inter- 
vention, with several drugs acting on different targets, will 
reduce the incidence of vascular events more effectively 
than monotherapy. 

The new generation of antiplatelet therapies being 
evaluated in coronary stenting and acute coronary syn- 
dromes are the platelet Gp Ib-IIa blockers”. For 
example, the monoclonal antibody, abciximab, is a licensed 
product that prevents platelet aggregation™. This mono- 
clonal antibody is administered intravenously and binds to 
the activated platelet surface Gp I[b—IIIa receptor, thereby 
preventing irreversible binding with circulating fibrinogen 
and von Willebrand factor. The binding of fibrinogen is the 
final common step in platelet aggregation. The role of Gp 
Ifb-IMa receptor blockade in vascular disease has not been 
fully established, but four parenterally administered Gp 
Tb-Ia blockers (abciximab, eptifibatide, tirofiban and 
lamifiban) have been shown to reduce progression of disease 
in unstable angina and following percutaneous coronary 
stenting” ?®, Three-year follow-up of patients with 
unstable angina from the first abciximab trials shows an 
overall reduction in mortality rate. Several large trials 
evaluating prolonged treatment with oral Gp I[b-II]a 
blockers are in progress”**!©°. However, early results from 
one trial of an oral Gp Ifb-Ia blocker (sibrafiban) against 
aspirin did not shown the expected clinical benefit”. The 
clinical indications for oral Gp IIb-Ma blockers have yet to 
be established'”. The efficacy of intravenous Gp Ib—Ia 
blockers in clinical trials, all of which have included aspirin 
in both the control and experimental arms, suggests that 
aspirin monotherapy for platelet inhibition has now been 
improved upon”. Oral Gp Ib-IIa blockers may produce 
significant benefits when used in addition to aspirin in high- 
risk patients. Trials are ongoing of prolonged oral Gp Ub- 
Ila blockers given concomitantly with aspirin in patients 
with acute coronary syndromes’. 


Conclusion 


Implications for practice 


This review adds to the evidence from the last APT'C meta- 
analysis on antiplatelet treatment in PVD”. Data from 24 
randomized controlled trials show that there is a modest 
benefit from antiplatelet therapy in patients with stable 
intermittent claudication. In patients undergoing infra- 
inguinal surgery or PTA the benefit of antiplatelet 
treatment in preventing vascular events is unproven but 
the number of patients studied was small. However, the 
APTC study has shown that antiplatelet treatment is of 
value in maintaining graft patency; there are other reviews 
that specifically address the benefit of antiplatelet treatment 
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in maintaining graft patency following lower limb bypass 
surgery’! There is more evidence to support the use of 
newer antiplatelet drugs, such as ticlopidine and clopido- 
grel, in the prevention of vascular events in PVD. 
Clopidogrel in particular has been shown to have a 
comparable side-effect profile to aspirin*?. 


Implications for research 


Scientific and clinical evidence for the simultaneous 
inhibition of TXA;- and ADP-induced aggregation by 
aspirin and ticlopidine exists in studies of coronary stenting. 
More randomized evidence is required to establish the 
efficacy of clopidogrel and aspirin in combination, as well as 
any potential interactions or haemorrhagic complications, 
in the management of patients with PVD. It is likely that in 
the future patients at higher risk of vascular events will 
receive a second antiplatelet agent (an ADP receptor 
antagonist, a Gp Ib-Ia blocker, or a combination of the 
two). An era of enhanced antiplatelet protection is coming; 
the major obstacles are the need to complete more clinical 
trials and the financial burden brought by these potent new 


drugs. 
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Background: Laparoscopic surgery is believed to produce an attenuated metabolic stress response and 
to have a less dampening effect on the immune response than open surgery. To date, the effect has not 
been studied in a randomized clinical trial of colorectal cancer. 

Methods: The study was a two-armed randomized prospective trial conducted in parallel with the UK 
Medical Research Council’s Conventional versus Laparoscopic-Assisted Surgery in Colorectal Cancer 
(CLASICC) trial comparing laparoscopically assisted colorectal surgery for left-sided tumours with 
conventional open surgery. Systemic immunity was assessed by determining the T- and B-cell counts, 
the CD4 : CD8 ratio, the natural killer cell counts, the immunoglobulin (dg) G, IgM and IgA levels, and 
C3 and C4 levels. The white cell phagocytic activity (nitroblue tetrazolium test) was studied before 
operation and on the third postoperative day. 

Results: A total of 236 patients were randomized in the immune study between 11 March 1997 and 14 
August 1999; 161 had complete preoperative and postoperative assays for the analysis of results. There 
was no difference in mean response between the two surgical groups for each of the immune 
parameters studied. The unadjusted difference for the primary endpoint, T-cell count, 3 days after 
operation was — 1-6 per cent (95 per cent confidence interval — 5-0 to 1-8 per cent). 

Conclusion: There is no difference in the systemic immune response in patients having Japaroscopically 


assisted colectomy compared with those undergoing conventional open surgery for colorectal cancer. 


Paper accepted 5 February 2001 


Introduction 


Reduced hospital stay, less wound pain, earlier resumption 
of diet and earlier return of bowel function are recognized 
benefits of laparoscopic colectomy’. The minimal access 
technique is believed to produce an attenuated metabolic 
stress response and has a less dampening effect on the 
immune response, as has been shown in human”? and 
animal** studies. This reduction is purportedly related to 
the smaller surgical incision. Theoretically, in the long 
term, the better immune status in the early postoperative 
period may translate into longer survival for patients with 
cancer’, 

The effects of laparoscopic surgery on the immune 
system differ from study to study, and its impact in cancer 
surgery is not known. Indeed, no published randomized 
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trial to date has reported on the differential immune 
response following laparoscopy compared with conven- 
tional open laparotomy for colorectal cancer. In two 
published non-randomized trials of laparoscopic colonic 
resections for benign disease versus conventional open 
surgery*”, both studies showed an increased stress response 
as measured by a raised plasma interleukin (IL) 6 level, 
whereas an increased level of C-reactive protein (CRP) was 
evident in only one of the studies. Other trials of open versus 
laparoscopic cholecystectomy have not consistently shown 
beneficial effects on the immune system and the stress 
response. A reduced immune and stress response was seen 1n 
some studies!*!?; in others there was no effect'*'®, while 
one showed a heightened response®. This inconsistency has 
been attributed to some extent to the small size and non- 
randomized nature of the studies’? The impact of 
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laparoscopic colectomy for colorectal cancer on the 
immune system has not been studied in any randomized 
clinical trial. The aim of this randomized study was 
to determine the impact of laparoscopically assisted 
colectomy for colorectal cancer on systemic immunity. 


Patients and methods 


Trial design 


This was a two-armed randomized prospective trial 
conducted in the Department of Colorectal Surgery, 
Singapore General Hospital, in parallel with the UK 
Medical Research Council (MRC) Conventional versus 
Laparoscopic-Assisted Surgery in Colorectal Cancer 
(CLASICC) trial in patients with colorectal cancer ®™?!, 
The local component of this collaboration investigated the 
immune stress response following open and laparoscopic 
resection for cancer. Patients with the clinical diagnosis of 
colorectal cancer based on colonoscopy or barium enema 
following histological confirmation were recruited. They 
were at least 18 years old and suitable for elective surgical 
resection by left hemicolectomy, sigmoid colectomy, 
anterior resection or abdominoperineal resection. Exclu- 
sion criteria were adenocarcinoma of the transverse 
colon, any contraindication to pneumoperitoneum, acute 
intestinal obstruction, any malignancy within the previous 
5 years, synchronous multiple adenocarcinomas and 
pregnancy. 


Randomization 


Randomization was conducted through the central ran- 
domization office of the National Medical Research 
Council, Clinical Trials and Epidemiology Research 
Unit, Singapore, by means of a telephone call. Patients 
were entered into the tral based on a 1: 1 treatment 
allocation to laparoscopically assisted or conventional open 
surgery after eligibility had been confirmed and informed 
consent given. Alternated randomized blocks of six and four 
were used to ensure treatment balance between the two 
arms after each ten consecutive patients. The treatment 
allocation was generated with a computer program. 


‘Treatment 


All patients were given bowel preparation by means of 
2 litres of polyethylene glycol 1 day before operation 
without previous dietary restrictions or the use of anti- 
biotics. Subcutaneous low molecular weight heparin was 
given 12 h before operation and at induction, a dose of 
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metronidazole (500 mg) with either cefuroxime 1-5 g or 
ceftriazone 1 g was administered. 

In the laparoscopic group, carbon dioxide pneumoperi- 
toneum was created by means of the open technique in the 
subumbilical region (the camera port) with an insufflation 
pressure not greater than 12 mmHg. A 12-mm port was 
placed at the right (working port) and left iliac fossa region. 
A 5-mm port was placed at the left lumbar region and, if 
required, an additional 5-mm port was inserted in the right 
hypochondrial region. The peritoneum and especially the 
liver surface were examined carefully for metastatic 
deposits. The origin of the inferior mesenteric artery was 
isolated and freed from the ureter before division with the 
endo-stapler. Inferior mesenteric vein was taken at the same 
or a higher level. Mobilization of the sigmoid and 
descending colon was completed, dividing the lateral 
attachments. Further laparoscopic mobilization of the 
splenic flexure was performed if required. A suprapubic 
incision approximately equivalent to the size of the tumour 
was made for completion of the resection, to create the 
anastomosis under direct vision with an endoluminal stapler 
and to deliver the specimen. Total mesorectal excision was 
carried out via the incision for ultra-low anterior and 
abdominoperineal resections. In the open group, a standard 
oncological resection including total mesorectal excision 
was carried out where appropriate. 


Immune studies 


Some 30 ml of venous blood was taken from all the patients 
either 1 day before or on the day of the scheduled operation 
into two plain vacutainers, two ethylenediamine tetra-acetic 
acid (EDTA) vacutainers and one lithium—heparin vacu- 
tainer. These samples were sent immediately for processing 
on the same day. A second sample was taken on the third 
postoperative day. Serum C3, C4, immunoglobulin (Ig) G, 
IgM and IgA were assayed using immunonephelometry. B- 
and T-cell lymphocytes were assayed with 5 ml of EDTA 
blood by fluorescent flow cytometry. Specific surface 
antigens for the CD4 and CD8 subgroups were identified. 
Natural killer cell subsets were assayed with anti-CD56. 
White cell phagocytic activity was assayed by measuring 
their mitochondrial dehydrogenase activity in reducing 3- 
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro- 
mide with phorbol-12-myristate-13 acetate stimulation 
(nitroblue tetrazolium test). 


Statistical analysis 


It was planned that the Singapore centre would recruit at 
least 200 patients for the UK MRC CLASICC trial. The 
change in T-cell count was identified as a major endpoint of 
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the immune study. It was anticipated that the T-cell number 
in patients having open surgery would be reduced to 
approximately 25 per cent of the baseline value. It was 
hoped that the laparoscopic approach would result in T-cell 
counts being maintained at baseline levels or, at most, being 
reduced by 10 per cent. The difference in percentage 
reduction of 15 per cent would have a 95 per cent confidence 
interval (c.i.) of approximately 5-25 per cent based ona trial 
size of 200 patients. 

Trial data were collected on printed forms, and subse- 
quently entered into the COMPACT package’. All 
analyses were performed according to intention to treat, 
and the results were generated with SAS® version 6-12 
software? As a result, the incision lengths for the 
laparoscopic approach, for example, were included under 
laparoscopy in Table I even when patients were converted 
to an open procedure. Analysis of covariance (ANCOVA)** 
was used to compare the treatment groups with respect to 
the major endpoint of T-cell counts and other secondary 
endpoints of humoral-mediated immune response, com- 
plement factors and phagocytosis functions. In particular, 
the cell-mediated immune response of CD4 and CD8 was 
analysed in terms of the ratio of these factors. Differences in 
treatment responses for these parameters were examined 
after making allowances for the baseline measurements. 


Prognostic factors such as Dukes’ classification, tumour 





size, operating time and incision length were also con- 


sidered in the modelling process. 


Results 


A total of 250 patients was entered into the Singapore 
component of the CLASICC trial between 11 March 1997 
and 14 August 1999 (Fig. 1). As funding ‘or this ee was 
obtained 2 months after commencement of the CLASICC 
trial, evaluation of immune responses was possible s in 236 
patients. Thirteen patients (6 per cent) did not meet the 
eligibility criteria for the ae (eight 
open). Ten were found to have 
histological examination after operation. Two patients had 


laparoscopic, five 
benign pathology on 





4 


other primary cancers (ovarian and Jung) and another had a 
second cancer in the kidney. 

Patient characteristics 

Table 1 shows that the patients in both treatment arms were 


comparable in terms of demographic and clinical char- 
acteristics. Their median age was 63 (range 31-89) ys 
Eighty-five per cent underwent anterior resection. Eig | 


eight per cent had a curative resection, 












and resection was 


Tabie 1 Demographic and clinical characteristics of patients by treatment 


“Age (years)* ee 


. neisian length (em). 


*Values are median (range); other values in parentheses are percentages. +One patient defaulted on surgery in the laparoscopic g 





oup, and the 


operation was cancelled for two others (one laparoscopic, one open); data for one patient in open group with benign disease net included. 


tHistopathological examination was not performed for 14 patients because of non-malignancy, resection not done or treat 
15 patients who were converted to open surgery, and of another on whom the open approach was peformed by error, are given in the Re 
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250 patients randomized ] 








Immune study started for 236 patients 
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118 Laparoscopy 118 Open surgery | 


8 ineligible 

l t 5 non-malignant 
+ 2other primary 

+ 1 second cancer 


































5 ineligible 
+ All non-malignant 











97 received allocated treatment 
15 corverted to open surgery 
H> 2 Hartmann procedure 

1 default treatment 

1 operation cancelled 

|__2 other procedures” 






1 operation cancelled 


Ki 114 received allocated treatment 
3 other procedures? 

















y 

Completeness of immunology data] | Completeness of immunology data 
+ 10 missing preop. «+ 9 missing preop. 

+ 21 missing postop. + 23 missing postop. 

* 7 both missing * § both missing 

+ 80 both available + 81 both available 





Fig. 1 Trial profile. *One procedure involved laparoscopic 
sigmoid colostomy, the other examination under anaesthesia and 
biopsy. One local excision, one transverse sigmoid colon 
bypass, one loop colostomy 


palliative for 11 per cent. The majority of tumours were 
Dukes’ stage B (43 per cent) or C (38 per cent). No 
appreciable difference was observed between the tumour 
size of patients in the two treatment arms. The median 
surgical time for open operation was 18 min shorter than 
for the laparoscopic approach. The median incision length 
for patients in the open group was almost twice that for the 
laparoscopic procedure (15 versus 9 cm respectively). 


‘Treatment compliance and complications 


A total of 118 patients were randomized to laparoscopic 
surgery, and 15 had conversions to the open procedure 
(Fig. 1). The median operating time for these patients was 
110 (range 50-220) min, compared with 85 (range 15- 
190) min for those who did not have conversion. Similarly, 
the median incision length for conversions to the open 
approach was 22 (range 9-40) cm, compared with a shorter 
length of 8 (range 1-24) cm for those who had no 
conversion. Two patients in the laparoscopic arm had a 
Hartmann procedure performed, one because of advanced 
cancer with perforation. In addition, two patients in 
laparoscopy group defaulted on treatment or had the 
operation cancelled, while two had other procedures 
involving laparoscopic sigmoid colostomy and examination 
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Table 2 Complications by treatment 





intraoperative — 


Gross faecal contamination 
Ureteric injury E: 
Cardiac insufficiency 
Surgical emphysema : 
Significant haemorrhage 
Other 

Postoperative 
Anastometic leak 
Wound infection 
intra-abdominal abscess 
Pulmonary complications 
Deep veir thrombosis 
Urinary tract infection 
Other onan, 


under anaesthesia and biopsy. In the open group, the 
procedure was cancelled because of benign pathology in one 
patient. Other procedures, namely local excision of tumour, 
transverse sigmoid colon bypass and loop colostomy, were 
performed on three patients. Twenty-seven patients (16 
laparoscopic, 11 open) experienced intraoperative compli- 
cations and 13 (eight laparoscopic, five open) had post- 
operative complications (Table 2). The main intraoperative 
complication was significant haemorrhage requiring peri- 
operative blood transfusion in 15 patients (6 per cent). Six 
postoperative wound infections were noted. 


Immune stress response 


Both the preoperative and postoperative immune response 
tests were omitted inadvertently in 12 patients. Nineteen 
patients had missing preoperative information, whereas a 
further 44 had missing postoperative immune response 
information. Thus analysis of the immune response 
included the remaining 161 patients with both preoperative 
and postoperative information available. The demographic 
and clinical profiles of patients with incomplete immune 
response information were similar between the two surgical 
arms (data not shown). Additionally, the mean measure- 
ments of each parameter for those with missing preopera- 
tive or postoperative information were no different from 
those with both measurements available. This occurred 
primarily for logistical reasons and thus has not caused any 
selection bias in the responses. 

The initial measurements were identical between the 
treatment groups for all cellular and humoral mediated 
responses (Table 3). The T-cell response was the primary 
outcome of interest in the immune study. Statistical 
significance was not achieved for the unadjusted difference 
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Table 3 Comparison of mean immune response 
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-° Day 3 
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*Values are mean(s.d.). tUnadjusted difference in mean values (laparoscopic — open); values are mean (95 per cent confidence intervali, 


Ig, immunoglobulin; NBT, nitroblue tetrazolium test 


in T-cell count 3 days after operation (95 per cent c.i. — 5.0 
to 1-8 per cent; P = 0-35). The conclusion remained after 
taking into account baseline T-cell counts (P = 0-91). The 
adjusted mean T-cell response for patients randomized to 
receive laparoscopic surgery was a marginal 0-2 per cent 
higher than with the open approach (95 per cent c.i. - 2-5 to 
2-9 per cent). 

There was no difference in mean responses between the 
two groups. The only marginal differences were the C3 
(unadjusted mean difference -0-08 g/l (95 per cent c.i. 
-0-15 to -0-01 g/l); P = 0-03) and C4 (unadjusted mean 
difference —0-03 g/l (95 per cent c.i. -0-04 to -0-01 g/l); 
P = 0.01) complement levels. Statistical significance was 
not achieved for these comparisons after adjustment for 
multiple testing using the Bonferroni correction’. Dukes’ 
classification, tumour size, wound length and operating 
time had little influence on postoperative T-cell count and 
other immune parameters. The results were not affected 
after accounting for these possible prognostic factors and 
the respective baseline values. 


Discussion 


This trial has shown comparable complications between the 
two surgical groups (Table 2). Minimal access surgery is 
known to be associated with shortened hospital stay, 
reduction in postoperative pain and earlier resumption of 
normal function. This outcome has been hypothesized to be 
related to the lesser degree of tissue injury (i.e. incision 
length), surgical metabolic stress and immunosuppressive 
response with laparoscopic compared with open surgery”®. 
While experiments in animal models have demonstrated a 
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reduction in surgical metabolic stress and immunosuppres- 
sive response in laparoscopic surgery, parallel observations 
have not been consistently made in clinical mals. The 
results of this trial have shown that laparoscopic surgery has 
a comparable impact on the immune response to the 
conventional open procedure, with respect to the measured 
parameters. Marginal differences were se 

levels (C3 and C4), with the laparoscopic group evok 
lesser response than the open group. Previous 
studies®- 116-18 
group were non-randomized, except for one be 
trial'* with 60 patients in each group. 

The use of separate significance tests for e 
endpoint comparison increases the risk of a fal 
result. With ten comparisons between surgic 
significant difference might be expected even if the two 
procedures were identical. Thus, with the Bonferroni 
correction”? applied by multiplying every P value by í 
factor of 10, the number of endpoints tested, statis 
significance was not achieved for any of these comparisons. 

Laparoscopically assisted colectomy generally differs 
from conventional surgical injury in the longer duration 
of anaesthesia, the need for a pneumoperitoneum, and the 
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size of the abdominal skin incision. The median operating 
time for laparoscopic surgery was slightly longer: 88 min 
versus 70 min for the open procedure in the present trial. | 








is possible that the reduction in immunosuppression in 








laparoscopic resections may be attenuates by the longer 





duration of anaesthesia with this approach. Such an 
observation has been reported in similar trials by Stage 
etal.” and Fukushima et a/.”, where laparoscopy took almost 
one and a half times longer than conventional open 
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operation. Both these studies reported raised IL-6 levels 
and, in the latter study, an increased level of CRP. The 
median length of the abdominal wound incision for the 
laparoscopic operation was 9 (range 1-40) cm, compared 
with the larger median incision length of 15 (range 6- 
40) cm for the open approach. This difference in wound 
length did not have any effect on the systemic immune 
parameters measured in the study. In many ways, both 
surgical approaches have similar visceral dissection, mobil- 
ization and anastomosis. It may thus appear logical that 
systemic immunity is not affected, even though the length of 
the surgical incision is significantly different in the two 
groups, as the incision probably contributes to a smaller 
proportion of the induced stress response. This is in 
contrast to equating a smaller incision with a lower immune 
stress response. 

In patients with a lower baseline T-cell count before 
operation, laparoscopic surgery was associated with a 
higher T-cell count on day 3 compared with the open 
operation. However, this was not seen in patients with a 
baseline T-cell count greater than 55 per cent (data not 
shown). While this difference may have arisen by chance as 
the numbers in this subgroup were small, it is possible that 
the laparoscopically assisted procedure involves less sup- 
pression of the T-cell response when the immune system is 
not already activated in the patient with colorectal cancer. It 
is possible that this reduced suppression of T-cell function 
is not evident in a system that is already maximally 
stimulated in the presence of malignancy (laboratory 
reference mean 61-2 per cent, compared with the laparo- 
scopic baseline mean of 63-5 per cent and open baseline 
mean of 66-1 per cent in Table 3). 

The absence of any significant difference in the measured 
parameters does not necessarily imply that an immuno- 
logical advantage for laparoscopic resection does not exist. 
Absolute cell number may change without affecting the 
percentage cell population. Other humoral changes in the 
complex immune system may certainly alter immune 
function without altering the peripheral cell counts. 

In conclusion, this study did not identify any clinically 
important difference in T- and B-cell counts, CD4 : CD8 
ratio, natural killer cell counts, IgG, IgM and IgA levels, C3 
and C4 levels, and the phagocytic activity of white cells 
between the laparoscopic and open groups. Whether 
minimally invasive surgery may confer an immune advan- 
tage and hence tumour survival advantage requires further 
investigation. It is clear that, while animal studies may 
provide an insight into the immunological advantages of 
laparoscopic resection for colorectal cancer, translation of 
these findings into the clinical situation requires further 
appraisal. 
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C. K. Charny, W. R. Jarnagin*, L. H. Schwartz}, H. S. Frommeyer*, R. P. DeMatteo*, Y. Fong* 


and L. H. Blumgart*. 


Department of Surgery, New York Presbyterian Hospıtal-Cornell Campus, and “Hepatobihary Service, Department of Surgery and +Department of 


Radiology, Memorial Sloan-Kettering Cancer Center, New York, USA 


Correspondence to Dr L. H Blumgart, Hepatobiliary Service, Department of Surgery, Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, 


New York 10021, USA (e-mail: blumgarl@mskcc org) 


Background: Benign hepatic tumours continue to represent a diagnostic and therapeutic challenge. 
This study evaluates the indications and results of resection compared with observation in patients with 
benign hepatic tumours. 

Methods: Patients with a primary diagnosis of benign liver tumour were identified from a prospective 
database and evaluated retrospectively. 

Results: From January 1992 to June 1999, 155 patients with benign hepatic tumours were evaluated. 
The diagnoses included haemangioma (n = 97), focal nodular hyperplasia (FNH) (n = 42), hepatic 
adenoma (7 = 12) and cystadenoma (7 = 4). Sixty-eight patients (44 per cent) underwent resection 
because of symptoms (# = 36), inability to exclude a malignancy (n = 31) or enlargement on serial 
imaging (n = 11). The operative morbidity and mortality rates were 21 per cent and zero respectively. 
Thirty patients had a preoperative percutaneous needle biopsy, 19 of which were either incorrect or 
indeterminate. Overall, 39 of 42 patients with symptoms attributed to the tumour were asymptomatic 
after resection and 18 of 21 patients with symptoms considered unrelated to the tumour were 
asymptomatic after a period of observation and/or treatment of unrelated conditions (median follow-up 
16 months). 

Conclusion: When indicated, resection of benign liver tumours can be performed safely. Symptomatic 
patients with a small FNH or haemangioma can be observed because their symptoms are unlikely to be 


related to the liver tumour. Percutaneous needle biopsy rarely changes management. 


Paper accepted 11 January 2001 


Introduction 


The diagnosis and treatment of benign liver masses remains 
controversial. The widespread availability of ultrasonogra- 
phy, computed tomography (CT) and magnetic resonance 
imaging (MRI), and their frequent application in evaluating 
abdominal pain, has resulted in more frequent discovery of 
incidental liver masses. Radiographic distinction between 
benign and malignant tumours remains a major diagnostic 
difficulty’. Within the category of benign tumours, 
distinguishing hepatic adenoma from focal nodular hyper- 
plasia (FNH) is important, since treatment will vary, but 
remains difficult on radiographic grounds’. Percutaneous 
biopsy is often non-diagnostic or misleading’. In addition, 
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needle biopsy may be contraindicated, e.g. for hypervas- 
cular tumours such as haemangiomas, which may bleed 
after the procedure, There is also a risk of seeding the 
peritoneal cavity if the lesion is malignant®’. 

The current indications for surgical management of 
benign liver masses include uncertain diagnosis with a 
suspicion of malignancy, severe or progressive symptoms 
due to size and, less commonly, risk of haemorrhage or 
rupture. Hepatic adenomas, unlike other benign lesions, 
have a malignant potential and a significant rısk of 
haemorrhage that is unrelated to size. The decision to 
resect must be based upon a combination of the radio- 
graphic appearance and anatomical position, as well as the 
surgeon’s clinical judgement. However, observation is the 
optimal management of most patients with benign liver 
tumours. Laparoscopy has added a new dimension to the 
treatment, enabling the surgeon to obtain a reliable tissue 
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diagnosis while sparing the patient the morbidity of a 
laparotomy. In some patients, hepatic cyst fenestrations as 
well as hepatic tumour resections can be carried out 
laparoscopically®™'!. 


Patients and methods 


Between January 1992 and June 1999, a total of 155 patients 
with benign liver tumours was evaluated. The patient 
records were reviewed retrospectively. Data collected 
included the patient’s age, sex, symptoms, radiographic 
findings, results of liver function tests, o-fetoprotein (AFP) 
and carcinoembryonic antigen (CEA) levels, indications for 
operation, preoperative diagnosis, surgical procedure, 
postoperative diagnosis, tumour size, length of hospitaliza- 
tion, postoperative complications and symptoms on follow- 
up. Preoperative diagnoses included haemangioma, FNH, 
hepatic adenoma and biliary cystadenoma, based on radio- 
graphic appearance. Some patients were referred after a 
percutaneous needle biopsy. All patients and radiographic 
studies were presented and discussed at a weekly multi- 
disciplinary hepatobiliary disease management conference. 

Additional studies were ordered after the surgeon and at 
least one radiologist had reviewed the initial films from the 
referring institution. Patients considered for resection 
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because of symptoms were further investigated to exclude 
other diagnoses, such as peptic ulcer disease, biliary coli 
gastro-oesophageal reflux. Patients suspected of harbour- 
ing a primary or secondary hepatic malignancy underwent 





additional evaluation of the extent of disease as dictated by 
the suspected diagnosis. 

Statistical analysis was performed using a commercially 
available statistical software package, SPSS 8.0) for 
Windows (SPSS, Chicago, Illinois, USA). Continuous 
variables were analysed using the Student's ¢ tesi, while 
categorical variables were analysed using y% test 


Results 


Most patients were referred after an initial ultrasonographic 








or CT scan revealed a solitary liver mass of indetermuin 
origin. Table 1 summarizes the characteristics of 





patients. The mean age was 47 years and 81 per cent were 









asymptomatic and the mass was found incidentals 
investigation of an unrelated condition. After referral 
was often used to further evaluate the hepatic lesion. 


as its precise anatomical relationship to the 


vasculature. Nuclear medical studies, i.e. tagged red b 


Table 1 Characteristics of all patients with benign liver tumours evaluated from 1992 to 1999 


‘Diagnosis. patients 
_Haemangioma i 97 (63) 
FNH o 42 (27) 
Adenoma Ra 
 Gystadenoma 4G) 


Values in parentheses are percentages. FNH, focal nodular hyperplasia 
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Table 2 Summary of patients with benign liver tumours submitted to resection 





Values in parentheses are percentages. *One with foci of metastatic colorectal carcinoma; tone with a focus of hepatocellular carcinom 


nodular hyperplasia 
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patients (17 per cent) had a history of previously treated 
cancer. Liver function tests were abnormal in 15 patients 
(10 per cent); the most common abnormality was a mildly 
raised alkaline phosphatase level. No patient presented with 
jaundice. AFP and CEA levels were normal in all but two 
patients (1 per cent). 

Table 2 summarizes the characteristics of 68 patients (44 
per cent) who underwent resection. In many patients there 
was more than one indication for operation. Persistent 
symptoms and inability to exclude a malignancy were the 
two most common indications. Overall, the preoperative 
diagnosis was correct in 62 per cent of patients. The mean 
duration of hospitalization was 8-4 days. In two operative 
cases, a focus of malignancy was found within an otherwise 
benign tumour. One of these patients had a history of 
previously resected colon cancer and the resected hepatic 
mass contained a focus of metastatic disease within a 
haemangioma. A second patient had a focus of hepatocel- 
lular carcinoma contained completely within an adenoma. 

The operations performed and tumour sizes are 
described in Table 3. Thirty-three liver tumours (49 per 
cent), mostly haemangiomas, were enucleated, while the 
remainder were excised by anatomical resection. The mean 
tumour size was 10-4 cm. There were a total of 14 
postoperative complications (21 per cent) and no post- 
operative deaths. Infectious complications occurred in five 
patients, another five patients had sterile fluid collections 
requiring percutaneous drainage, two patients developed a 
pneumothorax and one patient required reoperation for 
bleeding. 

At a median follow-up of 16 months, 39 of 42 patients 
who were symptomatic before operation had resolution of 
the symptoms after resection. Resection relieved symptoms 
in 21 of 23 patients with haemangioma and all patients with 
FNH. Two patients had persistent pain after resection of a 
haemangioma and one after resection of an adenoma. 
Eighteen of 21 patients managed non-operatively are 
currently asymptomatic at follow-up, while three remain 
symptomatic. One of these patients had an 8-cm haeman- 


gioma and is being considered for resection while two 
others have small haemangiomas that are unlikely to be the 
cause of the symptoms. 

The relationship between tumour size and presence of 
symptoms on initial presentation was analysed for the 
subset of patients with FNH and haemangioma, the two 
most frequent diagnoses. Patients with FNH who were 
symptomatic had a mean(s.d.) tumour size of 7-3(6-6) cm, 
while those without symptoms had a mean tumour size of 
4.4(2-1) cm (P = 0.06). The mean tumour size in sympto- 
matic and asymptomatic patients with haemangioma was 
10-0(8-0) and 6-8(5-8) cm respectively (P = 0-03). When 
FNH and haemangioma were analysed together, the mean 
tumour size in symptomatic and asymptomatic patients was 
9.2(7-6) and 6-0(5-0) cm respectively (P = 0-003). Twenty- 
one of 31 patients with tumours larger than 10 cm were 
symptomatic. By contrast, only 38 of 95 patients with 
tumours smaller than 10 cm had symptoms attributed to the 
tumour (7° = 7-2, 2 d.f., P = 0-007). 

In patients subjected to percutaneous needle biopsy, the 
biopsy results were compared with the final histopatholo- 
gical or radiographic diagnoses. The final radiographic 
diagnosis was used as the basis for comparison in patients 
managed non-operatively and followed over a prolonged 
period (7 = 19), while the final pathological diagnosis was 
used as the basis for comparison in patients who underwent 
operation (z = 11). The percutaneous biopsy correlated 
with the final diagnosis in only 11 of the 30 patients 
subjected to this procedure. The majority of the biopsies 
were either indeterminate or showed normal hepatocytes. 


Discussion 


Benign liver tumours continue to present diagnostic and 
therapeutic challenges. They are frequently an incidental 
finding during assessment of unrelated conditions, or in the 
staging cf patients with malignancy. The results of this 
analysis of 155 patients with benign liver tumours treated 
over a 7- year period show that many of these patients can be 


Table 3 Operative procedures performed in patients with benign liver tumours 






Segmentectomy 


B: 


*Values are mean (range). FNH, focal nodular hyperplasia 
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observed safely. Resection was reserved for symptomatic well differentiated hepatocellular carcino 
patients, those with premalignant conditions and those in malignancy. The preoperative diagnosis 
whom it was not possible to exclude other possible correct in only seven of 18 resectei 
diagnoses. Resection led to symptom resolution in 39 of | Haemangiomas were less likely to cause diagnost 
42 patients with symptoms. Symptoms thought to be tainty, but eight of 39 of these lesions were t 
inconsistent with the hepatic tumour resolved without the represent either a primary or secondary malignan 
need for operation in 18 of 21 patients. In particular, operation. It should be emphasized that rhe 
patients with small lesions were less likely to have associated that were confused for other lesions were small 
symptoms and may benefit from a period of observation. sclerosed, making them difficult to distingui 
Hepatic adenoma and cystadenoma should always be malignant tumours. 

considered for resection because of possible malignant To improve diagnosis, percutaneous nee 
degeneration (as well as spontaneous haemorrhage in the MRI were utilized. Biopsy carries the risk of blee 
case of adenoma). Diagnostic uncertainty accounted for tumour dissemination, often yields inadequate o 
operation in 31 of 68 resected patients. Of the 11 information, and does not preclude the possib 
misidentified FNH lesions, six were thought to be malignancy when normal tissue is four Inky 
adenomas, while the remainder were diagnosed as either biopsies were accurate in the current study. MRI 





C Contrast enhanced d Delayed 


Fig. 1 a Axial Tl-weighted magnetic resonance image through the liver demonstrates multiple cysts, which are of 

(arrows) and an area of isointensity, which is focal nodular hyperplasia (FNH) (curved arrow). b On the T2-weighted ima 
appear bright (arrows) and the area of FNH is isointense to slightly hyperintense (curved arrow), Note that this area of 10 
associated with a tiny cyst. € After administration of contrast, the cysts do not enhance (arrows), while the area of FNH enha 
intensely and homogeneously (curved arrow), d On delayed images, the cysts again do not enhance (arrows), while the area ot | 


isointense to the hepatic parenchyma (curved arrow) 
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evolving and is a vital tool for characterizing benign liver 
tumours. While the present study was not designed to 
analyse the predictive value of MRI, a recent analysis 
showed that MRI provided accurate diagnostic information 


in 95 of 96 problematic benign liver lesions!*. Gadolinium- 
enhanced MRI is useful for differentiating haemangiomas 
S14 MRI is virtually diagnostic in 


simple hepatic cysts and haemangiomas. However, distin- 


from malignancies 


guishing FNH from hepatic adenoma may not always be 
possible. FNH is isointense on Tl-weighted images and 
slightly hyperintense on T2. It enhances intensely with 
gadolinium and then becomes isointense to liver on delayed 
images (Fig. 1). In contrast, hepatic adenoma is hyperin- 
tense on T2-weighted images and enhances heteroge- 
neously following contrast administration (Fig. 2). 





b Contrast enhanced 


Fig. 2 a The T2-weighted magnetic resonance image of an 
adenoma in the posterior right hepatic lobe (A) is moderately 
hyperintense with focal areas of hyperintensity. b The adenoma 
enhances heterogeneously on axial images after contrast 
administration 
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In general, patients with asymptomatic FNH or hae- 
mangioma should be observed. Two large published series 
support this approach. Weimann etal. reviewed their 
experience with 437 patients with benign liver tumours, 
including 238 patients with haemangioma. Asymptomatic 
patients with an unequivocal diagnosis of haemangioma or 
FNH were observed. No patient proved to have a 
malignancy or experienced tumour rupture. Overall, 
unresected haemangiomas are usually asymptomatic and 
rarely increase in size'®. Hepatic artery embolization, which 
has been used in the emergency treatment of acute 
haemorrhage from ruptured hepatic adenomas and hepa- 


tocellular carcinomas'”"'*, can be used to treat hepatic 
adenomas in patients who are not candidates for resection. 
Shrinkage in tumour size after embolization may be 
followed by resection in selected patients. Asymptomatic 
adenomas should be observed only if their size decreases on 
serial imaging studies, which may occur after cessation of 
hormone therapy. Patients with solid lesions that are 


Solid hepatic tumour on CT ultrasonography 


M 
MRI 
* 
Unable to > ‘ ie 
characterize or Cystadenoma Adenoma Haemangioma or FNH 
suspicicus for 2 i 
malignancy | || 
a | | 
| | | 
P N | | 


Symptoms None Il 


L ‘ ' 
Unresectabe Resectable Discontinue 


| hormone therapy 


d ` ’ t 
No Regression Symptoms None 
regression 
| ’ 
Observe* 
J AVG ¥ t 
Needle biopsy Resection «—— Observe’ 


Fig. 3 Algorithm for management of benign liver tumours. If a 
resectable lesion is suspicious for a malignancy then staging, 
including evaluation for an extrahepatic primary lesion, should 
precede resection, “Increasing size on serial radiographic 
imaging during observation is an indication for resection. CT, 
computed tomography; MRI, magnetic resonance imaging; 
FNH, focal nodular hyperplasia 
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difficult to characterize on MRI or suspicious for malig- 
nancy should either undergo resection or a needle biopsy if 
unresectable. For any tumour being observed, increasing 
size on serial imaging is an indication for resection. 

Surgical options for a solid benign liver tumour include 
enucleation and anatomical resection, depending on the 
location and size of the lesion. Particularly for haemangio- 
mas, enucleation has been reported to reduce operative 
blood loss when compared with anatomical resection owing 
to the presence of an outer rim of fibrous tissue and 
compressed liver, which allows for simple dissecuon’’. This 
technique was associated with fewer intra-abdominal 
complications than anatomical resection in a recent case— 
control study”®. In the present series, 33 (49 per cent) of 68 
benign solid liver tumours were enucleated. 

An algorithm for the diagnosis and treatment of benign 
liver tumours is shown in Fig. 3. Ultrasonography and CT 
are typically used to identify the benign tumour. MRI is 
used to further characterize the mass. While simple cysts are 
considered benign lesions, biliary cystadenomas are true 
neoplasms which cannot only produce abdominal symp- 
toms, but also undergo malignant degeneration. These 
lesions are generally thick walled and form internal 
septations. 

In summary, the management of benign liver lesions 
depends primarily on the clinical presentation and the 
radiographic appearance. MRI may be helpful when the 
diagnosis is dubious while percutaneous biopsy is generally 
avoided. Overall, most patients can be safely observed. The 
indications for operation are persistent symptoms suspected 
to be due to the tumour, a chance of malignant transforma- 
tion or rupture, or inability to exclude a malignancy. 
Resection can be performed with acceptable morbidity and 
mortality rates. Asymptomatic patients with benign hepatic 
tumours that are stable in size can be followed safely with 
serial radiographic imaging and ultimately discharged from 
follow-up. 
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Introduction 

Excessive axillary sweating causes profound embarrassment 
and social disability, with stained and damaged clothing. 
Patients often seek surgical treatment as a last resort. 
Thoracoscopic sympathetic denervation of the axillary skin 
requires ablation of at least the T2 and T3 ganglia, with an 
incidence of compensatory hyperhidrosis that is unaccep- 
table to most patients with hyperhidrosis confined to the 
axilla. This study examined the use and effectiveness of 
Clostridium botulinum type A toxin in patients with isolated 
axillary hyperhidrosis. 


Patients and methods 

Sixteen patients (eight women) with predominantly axillary 
hyperhidrosis were injected at 12 equally spaced points in 
each axilla with Dysport® (Ipsen, Maidenhead, UK) (0-1-ml 
aliquots, each containing 20 mouse units) using a 25-G 
needle. The area for injection typically corresponded to the 
elliptical hair-bearing area. 
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Fig. 1 Volume of sweat collected in 1 h on gauze swabs held in 
the axilla before and after injection of botulinum A tomn ın ten 
patients (1 g of sweat 1s equivalent to 1 ml) 
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Ten patients had quantitative assessment of axillary 
sweating over 1h immediately before and several 
months after injection of toxin, using weighed gauze 
swabs. Ten patients underwent a repeat set of 
injections after 1 year. 


Results 

There were no complications at or around the time of 
treatment. All patients reported complete dryness of both 
axillae within 3 days of injection (40 per cent within 24 h). 
Patients were very satisfied with the results, with particular 
reference being made to the freedom to wear any clothing 
and increased social confidence. 

The mean(s.e.m.) duration of action of the toxin was 9(1) 
(range 5-13) months, with a gradual return of sweating in 
all but one patient. Three patients experienced a single 
episode of sudden breakthrough sweating, with a return to 
dryness thereafter, one at 8 months and two at 3 months. 
Ten patients underwent repeat injections after 1 year, with 
good effect. 

Sweat volume measurements showed a mean decrease 
after injection of botulinum A toxin (Fig. 1). 


Discussion 

This study has shown that intradermal injection of 
botulinum A toxin is a highly effective and well tolerated 
treatment for isolated axillary hyperhidrosis. The toxin acts 
to disrupt vesicular release in the cholinergic sympathetic 
nerve terminals. Function is regained as new terminals and 
synapses grow’. The phenomenon of breakthrough sweat- 
ing occurring spontaneously several months after treatment 
has not, to the authors’ knowledge, been reported 


- previously. A similar phenomenon has been seen in patients 


who have had thoracoscopic sympathectomy in this unit. 

Assessment of efficacy with this procedure is subjective. 
The measurements with gauze showed a small decrease in 
sweat volume, but the errors due to small sample size were 
large, exemplified by the difference between each side. 
Other researchers have used different techniques over short 
periods, but these are also likely to be inaccurate’. 

This technique is not used for the treatment of palmar 
hyperhidrosis; intrinsic muscle weakness has been docu- 
mented in up to 25 per cent of patients’. Antibodies may 
develop and reduce the efficacy of repeat injections in a 
small proportion of patients*. 

Further studies are needed to determine dose-response 
data to botulinum toxin. The doses are not comparable with 
those of the other commercial product, Botox® (Allergan 
Pharmaceuticals, Irvine, California, USA), which has a 
potency approximately 2.5-4-fold greater than that of 
Dysport”. 
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Background: The object of this study was to develop an animal model in which changes in 
microvascular haemodynamics and leucocyte-vessel wall interactions due to acute limb ischaemia- 
reperfusion (I/R) can be measured in the skin. Furthermore, it was investigated whether these changes 
are related to local muscle injury. 

Methods: Male Lewis rats were subjected to unilateral limb ischaemia for 1 h (# = 8) or 2 h (n = 8) by 
cuff inflation, or to a sham protocol (# = 6). Intravital video microscopic measurements of leucocyte- 
vessel wall interactions, venular diameter, red blood cell velocity and reduced velocity (which is 
proportional to wall shear rate) were performed in skin venules before ischaemia and at 0-5, 1, 2, 3 and 
4h after the start of reperfusion. Oedema and leucocyte infiltration of ischaemic/reperfused skeletal 
muscle were quantified histologically. 

Results: In skin venules, both 1 and 2 h of ischaemia induced a significant increase in leucocyte rolling 
(six and five times baseline, respectively; P < 0-05) and adherence during reperfusion (eight and four 
times baseline; P < 0-05). No significant increase in muscular leucocyte infiltration was detected. After 
an initial hyperaemic response of 180 per cent of baseline values (P < 0-05), blood flow decreased to 
about 60 per cent after 4 h of reperfusion in skin venules of both experimental groups. I/R induced tibial 
muscle oedema, the severity of which depended on the ischaemic interval (wet to dry ratio: control, 4-0; 
Lh, 4-5 (P not significant); 2 h, 5-8 (P < 0-05)). 

Conclusion: A non-invasive animal model was developed that enables investigation of the consequences 


of acute limb I/R. 
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Introduction 


Prevention and treatment of acute limb ischaemia—reperfu- 
sion (I/R) injury remains an important challenge in vascular 
surgery. Revascularization of a limb after a prolonged 
period of acute-onset ischaemia is associated with high rates 
of mortality (10-20 per cent) and morbidity (20-30 per 
cent)'*, This revascularization syndrome may lead to 
several complications, both local (compartment syndrome, 
rhabdomyolysis) and systemic (adult respiratory distress 
syndrome, multiple organ failure). 

Several mechanisms are involved in the development of 
VR injury. There is increasing evidence that endothelial cell 
function is compromised in all regions of the microvascu- 
lature in tissues exposed to ischaemia and reperfusion’. The 
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venular endothelial cells appear to be most affected, as 
reflected by an enhanced production of reactive oxygen 
metabolites and an increased expression of adhesion 
molecules that are involved in leucocyte-vessel wall 
interactions’. The effectiveness of antineutrophil serum, 
monoclonal antibodies directed against several adhesion 
molecules involved in leucocyte-vessel wall interactions, 
and of free radical scavengers in the treatment of I/R injury 
corroborate the involvement of leucocyte-vessel wall 
interactions and reactive oxygen metabolites®®. 

Despite recent therapeutic advances that reduce the 
extent of I/R injury, it would be even better to prevent the 
development of the revascularization syndrome. The latter 
requires further insight into the underlying mechanisms. 
For this purpose a suitable animal model is of importance. 
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Hardy etal? developed a model in which ischaemia in the 
rat hind limb was induced using a tourniquet. They 
quantified skeletal muscle blood flow using radioactive 
microspheres, but they did not investigate local leucocyte- 
vessel wall interactions. Other animal models of acute limb 
ischaemia described previously require extensive surgical 
manipulation either to induce ischaemia or to visualize 
leucocyte-vesse] wall interactions by means of intravital 
microscopy'”'?, To avoid changes in local haemodynamics 
and the induction of an inflammatory response!*'*, the 
ideal model would not require a traumatizing technique 
at all. 

Recently, a rat model has been developed in which 
leucocyte-vessel wall interactions and microvascular 
haemodynamics can be studied in the skin of a hind paw 
without the need for any surgical procedure’®!”. This was 
used to investigate whether non-surgically-induced acute 
hind limb ischaemia followed by reperfusion leads to 
microcirculatory changes in the skin of the rat hind paw. 
In addition, it was investigated whether these changes could 
be related to local muscle injury. 


Materials and methods 


Animals and anaesthesia 


All experiments were approved by the Institutional Animal 
Care Committee. In total, 22 male Lewis rats, with a mean 
weight of 311 (range 280-325) g, were obtained from the 
animal facility of Maastricht University. Sodium pento- 
barbital (Narcovet®; Amarpho, Arnhem, The Netherlands) 
was injected intraperitoneally (60 mg per kg body-weight) 
to induce anaesthesia, under a short sedation by carbon 
dioxide (40 per cent carbon dioxide in air). Administration 
of pentobarbital was repeated whenever necessary (20 mg 
per kg body-weight intravenously via the tail vein). 
‘Throughout each experiment, body core temperature was 
maintained at 37°C, using an infrared heating lamp 
controlled by a thermoanalyser connected to a rectal 
probe. Blood pressure and heart rate (HR) were measured 
at 15-min intervals using a non-invasive tail programmed 
electrosphygmomanometer (model PE-300; Narco 
Biosystems , Houston, Texas, USA). 

Intravital video microscopy 

An intravital microscope (Leitz™, Wetzlar, Germany), 
adapted to telescopic imaging’®, was used to visualize the 
most superficial blood vessels ın the skin of a toe. The 
microscope was equipped with a Leitz Ploem-opak, 
carrying a Pol-cube, and an L20 objective (numerical 
aperture 0-32), yielding a final optical magnification at 
the front plane of the charge coupled device (CCD) 
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camera (Hamamatsu CCD, camera type C3077-01, 
Hamamatsu Photonics, Hamamatsu City, Japan) of 
25 X. Observations were performed under bright field 
epi-illumination with a xenon lamp (150 W). Microscopic 
images were recorded on videotape (Supervise; Sony™, 
Tokyo, Japan). 

All microscopic observations were performed on the 
lateral or medial side of the third toe of the left and right 
hind paw respectively. To prevent motion artefacts, the 
hind paw under investigation was fixed on the microscope 
stage with plastic clay. The area of skin used for observation 
was covered with a thin layer of paraffin oil to diminish 
surface reflections. In each paw, one postcapillary venule 
was observed with a mean diameter of 15 (range 8-24) um. 
The midplane of the selected vessel (i.e. its largest diameter) 
was kept in focus. To ascertain visualization of all rolling 
and adhering leucocytes, the objective lens was focused up 
and down through the lumen in some of the greater venules. 
In this way it could be assured that leucocytes rolling along 
the lower and upper vessel wall were always seen when the 
point of focus was in the midplane of the vessel. 


Experimental protocol 


Experiments were performed in three groups; no ischaemia 
was induced during the 6-h protocol ın the control group 
(n = 6), whereas in the other two groups unilateral limb 
ischaemia was induced for 1h (n= 8) or 2h (n= 8), 
followed by a reperfusion interval of 4 h. 

In both the ischaemic and the contralateral hind paw, the 
selected venule was recorded for at least 5 min at the 
beginning ofan experiment to enable assessment of baseline 
fluid dynamic conditions and leucocyte rolling and adhe- 
sion levels. Immediately thereafter, unilateral ischaemia was 
induced: the blood supply to the left hind limb was stopped 
by inflating a cuff around the rat’s thigh to a pressure of 
300 mmHg. In addition, a rubber tourniquet was put as 
high as possible around the same hind limb to keep the cuff 
in position. Total limb ischaemia was verified by the 
intravital microscopic observation that blood flow had 
stopped completely in the microvessels of the skin of the 
ischaemic hind paw. Just before deflation of the cuff, as well 
as 30, 60, 120, 180 and 240 min after start of reperfusion of 
the ischaemic hind limb, the selected venules in both limbs 
were again recorded for 5 min each. At the end of the last 
observation, the animals were killed using an overdose of 
sodium pentobarbital. 


Data analysis 


All experiments were analysed off-line from videotape. The 
incidence of leucocyte rolling and adhesion was deter- 
mined. All leucocytes that could be seen moving by eye were 
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considered to be rolling. Individual, free-flowing leucocytes 
move with the velocity of the blood flow and therefore 
cannot be detected by eye. Rolling leucocytes move at least 
an order of magnitude slower and consequently are easy to 
detect. The degree of leucocyte rolling in each observed 
venule was quantified by counting the number of leucocytes 
passing through a cross-section of the vessel and was 
expressed as the number of cells passing per minute. 
Leucocytes were considered to be adherent when they 
remained stationary for 30s or longer. The number of 
adherent leucocytes was determined in a 100-um vessel 
segment. 

Mean red blood cell velocity (Vanc) was determined 
using a temporal correlation method incorporated in the 
automated Capiflow software (Capiflow™, Krista, 
Sweden)!®. Vessel diameters were measured using a 
custom-built umage-shearing device??. The blood flow 
(Q) through a vessel was calculated by means of the 
following equation: 


2 
G=VisoX n([) 


where D, is the vessel diameter. Reduced velocity (U), 
which is proportional to wall shear rate, was calculated 
according to the equation: 


_ Vrsc 
U= D, 





Systemic leucocyte counts 


At the end of the experiment, after 4 h of reperfusion, an 
arterial blood sample was withdrawn from the abdominal 
aorta to assess the number of circulating monomorpho- 
nuclear and polymorphonuclear leucocytes. A mixture of 
20 ul of arterial blood and 180 pl of Turks solvent (1 per 
cent acetic acid, 1 per cent methylviolet) was examined by 
light microscopy in a counting chamber (Clay Adams”, 
Pansippany, New Jersey, USA). 


Wet to dry ratios and histology 


To determine the extent of I/R-induced oedema, biopsies 
were taken from the mid-portion of the posterior tibial 
muscles of both hind paws, immediately after death. Wet to 
dry ratios were obtained by weighing before and after 
freeze-drying overnight. 

In addition, biopsies from the same muscles were fixed 
in 10 per cent phosphate-buffered formaldehyde and 
embedded in paraffin. Transverse 41m sections were cut, 
stained with haematoxylin and eosin, and examined by light 
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microscopy: For each section, five fields of view were scored 
by two observers using a grid. The total number of myocytes 
in the screen as well as the number of round (oedematous) 
myocytes and leucocytes were counted. This semiquantit- 
ative scoring system was used to determine the extent of 
tissue damage, characterized by oedema and accumulation 
of leucocytes. 


Statistical analysis 

The SPSS-PC+ package (SPSS®, Chicago, Illinois, USA) 
was used. Because of their non-symmetrical distribution, 
most data are presented as median (interquartile range 
(i.q.r.)). To enable comparisons between groups, some data 
were normalized to baseline values. The non-parametric 
Mann-Whitney U test was used to test for significant 
differences between groups. For analysis of differences over 
time within the same group, the paired Wilcoxon signed 
rank test was used. The Spearman rank correlation test was 
used to test correlations between two groups of data. 
Differences were considered statistically significant when 
P < 0.05. 


Results 


All rats survived the whole experimental protocol. Inflation 
of the cuff positioned around the left thigh resulted in 
complete ischaemia of the hind limb, as verified micro- 
scopically by cessation of flow in all skin microvessels 
examined. 


Systemic haemodynamics 

During baseline measurements, mean (range) mean arterial 
pressure (MAP) was 104 (95-120) mmHg and mean HR was 
365 (300-450) beats per min (all groups pooled). There 
were no initial differences in MAP or HR between the 
groups. Throughout the experiments, MAP and HR 
remained constant in all groups (data not shown). 


Leucocyte-vessel wall interactions 


At baseline the overall median (i.q.r) number of rolling 
leucocytes was 2 (0-4) per min, whereas almost no adhering 
leucocytes were present (0 (0-1) per 100 pm). There were 
no significant differences between the three groups or 
between the two hind limbs (ischaemic and contralateral). 
In the control group, no significant change in leucocyte 
rolling was observed over time. 

The effect of 1 and 2 h of ischaemia and subsequent 
reperfusion on leucocyte rolling is illustrated in Fig. 1. One 
hour of ischaemia induced a significant increase in 
leucocyte rolling during the whole reperfusion period 
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Fig. 1 Effects of ischaemia followed by reperfusion on the absolute number of rolling leucocytes in the experimental left hind limb. 


Data are expressed as median (interquartile range). *P < 0-05 versus baseline (Wilcoxon signed rank test); +P < 0.05, ischaemic : 


ryu. 


contralateral limb; P < 0-05 versus control group (Mann-Whitney U test) 


Table 1 Baseline values of local haemodynamic variables 


Limb Control 1 h ischaemia 2 h ischaemia 
Dy (um) Experimental 15 (10-21) 14 (10-19) 13 (8-20) 
Contralateral 15 (9-24) 18 (15-19) 13 (9-18) 
Vasc (mm/s) Experimental 0-4 (0-2-0-5) 0-4 (0:2-0:6) 0-4 (0:2-0-6) 
Contralateral 0:3 (0-1-0-4) 0:3 (0-2-0-5) 0-3 (0-2-0-5) 
Q (x 10* um*/s) Experimental 7-2 (1-8-17-8) 6-2 (2-8-15-7) 5-3 (2-1-10-8) 
Contralateral 5:2 (1-6-11-2) 8-0 (3-8-13-5) 4-8 (1-3--10.3) 
U (per s) Experimental 25 (11-41) 27 (19-37) 30 (11-51) 
Contralateral 20 (7-35) 19 (9-32) 26 (10-50) 


Values are median (interquartile range). D,, diameter of the observed venule; Vane, red blood cell velocity; Q, flow; U, reduced velocity 


(P < 0-05); this increase was already present at 30 min and 
peaked at 2 h after the start of reperfusion. Two hours of 
ischaemia had a similar effect: the level of leucocyte rolling 
increased significantly, with a maximum after 2h of 
reperfusion (P < 0-05). No differences were found between 
these two groups. In the contralateral, right hind limb no 
significant change in leucocyte rolling was observed over 
time in any of the groups. 

Fig. 2 shows the effect of 1 and 2 h of ischaemia and 
subsequent reperfusion on the number of adherent leuco- 
cytes. In the control group, virtually no adherent leucocytes 
and no time-dependent changes were observed. Following 1 
or 2h of ischaemia, however, a significant increase in 


©2001 Blackwell Science Ltd 


leucocyte adhesion was observed during reperfusion with 
the highest values observed after 4h of reperfusion 
(P < 0-05). No changes in the number of adhering 
leucocytes were observed over time in the contralateral 
hind limb (data not shown). 


Local haemodynamics 


No differences in baseline values of the local haemodynamic 
variables were observed between the three groups (Table 1). 
During the experiments, venular diameters remained 
constant in both the control group and the group subjected 
to ischaemia for 1 h (data not shown). In the experimental 
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Fig. 2 Effects of ischaemia followed by reperfusion on the number of adherent leucocytes in the experimental left hind limb. Data are 
expressed as median (interquartile range), *P < 0-05 versus baseline (Wilcoxon signed rank test); +P < 0-05, ischaemic versus 
contralateral limb; £P < 0-05 versus control group (Mann-Whitney U test) 


limb of the 2-h ischaemia group a transient increase in 
venular diameter of 27 and 12 per cent was observed after 
0-5 and 1h of reperfusion respectively (P < 0-05 versus 
baseline values and the contralateral limb). 

No significant change in Vgc was seen in either limb of 
the control group. In both experimental groups, no change 
in Vgc was observed in the contralateral hind limb. In the 
ischaemic hind limb of the l-h ischaemia group, however, 
Vane increased significantly to about 130 per cent of 
baseline values after reperfusion for 30 min (P < 0-05). 
Subsequently, Vgc normalized to baseline values, and even 
tended to decrease after 4 h of reperfusion (59 per cent of 
baseline values; P = 0-21). In the 2-h ischaemia group Vrge 
increased non-significantly to 122 per cent of baseline 
values after reperfusion for 30 min; subsequently, it 
decreased significantly to 54 per cent of baseline values 
(P < 0-05) after reperfusion for 4 h. 

The changes in venular blood flow showed a similar trend 
(Fig. 3). Blood flow remained constant in both limbs of the 
control group and in the contralateral limbs of the 
experimental groups. However, in the ischaemic hind 
limbs of the experimental groups, blood flow increased 
significantly within 30 min of reperfusion (to 182 per cent 
and 179 per cent of baseline values respectively; P < 0-05 in 
both groups). After this hyperaemic phase, blood flow 
normalized to baseline values and decreased further during 
the second half of the reperfusion phase to 64 and 56 per 
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cent of baseline values in animals subjected to ischaemia for 
1 and 2 h respectively (P = 0-06 and P = 0-05). 

Reduced velocity, which is a measure of wall shear rate, 
remained constant in the control and 1-h ischaemia group 
(data not shown). In the 2-h ischaemia group, however, a 
significant ongoing decrease in reduced velocity was 
observed in the ischaemic limb after 1 h reperfusion (73 
per cent of baseline values; P < 0-05), to 49 per cent of 
baseline values after 4 h (P < 0-05). 


Systemic leucocyte count 


To exclude the possibility that the observed increase in 
rolling and adhering leucocytes in the experimental groups 
was due to changes in the number of circulating mono- 
morphonuclear and polymorphonuclear leucocytes, the 
total number of systemic leucocytes, as well as their 
differentiation, were analysed. No significant differences 
were found between the two experimental groups and 
the control group with respect to the total number of 
systemic leucocytes in the arterial blood samples after 4 h 
of reperfusion (median (i.g.r) 31 (28-35) x 10°, 26 
(24-29) x 10° and 40 (31-43) x 10° cells/ml in the 
control, 1-h ischaemia and 2-h ischaemia groups respec- 
tively; P > 0-05), and the percentage of polymorphonuclear 
leucocytes (19, 19 and 12 per cent respectively; P > 0-05). 
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Fig. 3 Effect of ischaemia followed by reperfusion on venular blood flow in the experimental left hind limb, Data are expressed as 
median (interquartile range) and normalized to preischaemic values. *P < 0-05 versus baseline (Wilcoxon signed rank test); +P < 0:05, 
ischaemic versus contralateral limb; 4P < 0-05 versus control group (Mann-Whitney U test) 


Histology and wet to dry ratios of hind limb muscle 


The wet to dry ratios of tibial muscle biopsies of the 
ischaemic hind paw in the 1-h ischaemia and control groups 
were similar (4-5 and 4-0 respectively) but that in the 2-h 
ischaemia group (5-8) was significantly higher than that in 
the control group (P < 0-05). 

The number of round (i.e. oedematous) muscle cells, 
expressed as a mean percentage of the total number of cells, 
in the ischaemic hind limbs of both experimental groups 
(l-h ischaemia: 58 (range 1-98) per cent, P < 0-01; 2-h 
ischaemia: 77 (47-100) per cent, P < 0-001) was signific- 
antly higher than in the control group (0 (0-0) per cent). No 
change was seen in the contralateral limb in both experi- 
mental groups. 

Consistent with the relatively small increase in the 
number of adhering leucocytes in the skin venules, no 
significant differences in the mean number of infiltrated 
leucocytes in tissue sections of tibial muscle biopsies 
between the experimental and contralateral limbs were 
seen within the three groups, or between the three groups 
(control: 0 (range 0-0) and 0-4 (0-1-3) per mm’; l-h 
ischaemia: 0-2 (0-0-4) and 0-1 (0-0-4) per mm; 2-h 
ischaemia: 1-0 (0-2-2-9) and 0 (0-0) mm”). 

Fig. 4 illustrates the relationship between the number of 
adhering leucocytes in skin venules and the level of 
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Fig. 4 Relation between the number of adhering leucocytes in 


skin venules and the level of leucocyte infiltration in tibial muscle 
following ischaemia-reperfusion injury in the ischaemic hind 
limb. Individual data points after 4 h of reperfusion are shown 
(control group, » = 6; 1 h ischaemia, » = 7; 2 h ischaemia, 


n = 8). rs = 0-679, P < 0-01 


leucocyte infiltration in tibial muscle following I/R in the 
ischaemic hind limb. A significant relationship was found 
between these variables (rs = 0-679, P < 0-01). 
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Discussion 


This article presents a new model of acute hind limb I/R in 
which ischaemia is induced without the use of surgery. The 
model allows investigation of the microvascular conse- 
quences of I/R in the skin without traumatizing the tissue 
and allows visualization of leucocyte—vessel wall inter- 
actions in postcapillary venules, without using fluorescent 
labelling dyes. 

‘Temporary total occlusion of the rat hind paw circula- 
tion, by means of cuff inflation, followed by reperfusion 
induces an increase in leucocyte—vessel wall interactions in 
skin postcapillary venules as early as 30 min after the start of 
reperfusion. An increase in leucocyte—vessel wall inter- 
actions is generally believed to be an early sign of an 
initiating inflammatory response*'. An increase in the 
expression of leucocyte adhesion molecules such as P- and 
E-selectin on the endothelial cell membrane enables such 
leucocyte—vessel wall interactions’ 4, The progression of 
this inflammatory response over time, with the loose and 
reversible leucocyte-endothelium interactions (i.e. rolling) 
peaking around 2 h after the start of reperfusion and the 
more permanent interactions (i.e. adherence) steadily 
increasing up to 4h after reperfusion, is in line with the 
observations from several other studies**?°. Adhesion of 
leucocytes to the vascular endothelium requires expression 
of integrins and members of the immunoglobulin super- 
family, which is known to take several hours after the initial 
triggering event” S, 

In this model, there was no histological evidence of 
leucocyte infiltration into the hind limb muscular tissue. 
This is not necessarily in contradiction with the marginal 
increase in leucocyte adhesion levels seen after ischaemia 
and 4h reperfusion. Using comparable models, other 
reports suggest that reperfusion for at least 5-24 h is 
required before any overt infiltration can be detected 
histologically?’"". Nevertheless, this model does reveal 
histological evidence of early soft tissue damage, as 
indicated by oedematous swelling of myocytes and the 
increased wet to dry ratio, which is in agreement with other 
reports*!?, 

In both I/R groups there was a temporal reactive 
hyperaemia as measured by significant increases in skin 
venular blood flow. In a similar model, Hardy etal.” 
observed a temporal decrease in muscle perfusion at 
10 min of reperfusion following 2 h of unilateral hind 
limb ischaemia. This apparent difference might be 
explained by the fact that the present study actually missed 
an initial ‘slow perfusion’ phase preceding the hyperaemic 
phase that was assessed at 30 min after reperfusion. 
Interestingly, skin blood flow returned to near-baseline 
values at 1 h of reperfusion following 2 h of hind limb 
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ischaemia, which is in line with Hardy’s results in the 
muscle. From that moment, there was an ongoing decrease 
in skin venular blood flow in the 2-h ischaemia group up to 
4 hafter reperfusion. Hardy et al. described such a decrease 
in muscle perfusion in a 6-h ischaemia group only. It may be 
argued that the skin is more susceptible to ischaemic injury 
than muscle. The no-reflow phenomenon that was reported 
by Menger et al.” in striated muscle was not observed. This 
may be explained by the relatively short periods of ischaemia 
in the present study. Other reports suggest that in the skin 
only ischaemic intervals of 6 h or more induce a reperfusion 
that is characterized by capillary no-reflow’’. 

In this model of acute limb I/R, the effects on the 
microcirculation can be assessed non-invasively in the skin 
only. Since the extent of hind limb muscle injury is a critical 
determinant of morbidity and mortality in patients with 
limb I/R injury, the muscular microcirculation has been an 
important focus of other pathophysiological studies’°'!?)?. 
Although the exact time course of changes in skin and 
skeletal muscle might be different, the same pathological 
mechanisms have been reported to underlie changes in skin 
and muscle microcirculation ?. In the present study a 
relation was found between the levels of leucocyte 
adherence in the skin and infiltration in the tibial muscle. 
This suggests that in both tissues similar early inflammatory 
reactions are induced by the I/R protocol which may 
contribute to local tissue injury. 

As future research on the revascularization syndrome 
will be focused more on the underlying pathophysio- 
logical mechanisms and its pharmacological treatment, 
the present model may be used to perform mechanistic 
studies aimed at intervening in leucocyte-endothelial 
interactions. Leucocyte-endothelial interactions play an 
important role in IVR injury’, and are mediated by 
several classes of adhesion molecule, all expressed in a 
unique time-dependent pattern’??"°. The use of 
specific adhesion molecule blockers in this model will 
enable the study of their efficacy over time in case of 
acute limb I/R. Since this model allows multiple serial 
observations and measurements, it is also well suited 
for mechanistic investigation of the phenomenon of 
ischaemic preconditioning”*. 
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Background: A central role for the polymorphonuclear leucocyte (PMN) in skeletal muscle ischaemia- 
reperfusion has been demonstrated by the observation that PMN depletion reduced local and remote 
pulmonary vascular permeability. This study investigated the role of recombinant soluble P-selectin 
glycoprotein ligand-immunoglobulin fusion protein (rPSGL-Ig), a P- and E-selectin antagonist, in 
moderating injury. 

Methods: Mice underwent 2 h of hindlimb ischaemia and 3 h of reperfusion. Muscle and lung vascular 
permeability index (PI) was assessed by extravasation of '**I-radiolabelled albumin. Lung myelo- 
peroxidase (MPO) activity was also measured. 

Results: In mice treated with rPSGL-Ig 1 mg/kg before reperfusion (s = 12) muscle PI was reduced by 
40 per cent, whereas it was moderated by 20 per cent in animals treated 30 min after reperfusion 
(n = 15). Lung PI in mice treated with rPSGL-Ig before (7# = 12) and 30 min after (7 = 15) reperfusion 
was reduced by over 99 and 98 per cent respectively. Lung MPO activity in mice treated with rPSGL-Ig 
before (# = 10) and 30 min after (z = 12) reperfusion was reduced by 68 and 58 per cent respectively. 
Treatment with rPSGL-Ig 1 h after reperfusion, or with m20ek.Fc 1 mg/kg (n = 9; negative control for 
rPSGL-Ig which is inactive for selectin binding) before reperfusion failed significantly to moderate local 
or remote organ injury. 

Conclusion: Selectin blockade moderated local skeletal muscle and remote lung imjury following 
hindlimb ischaemia-reperfusion. Significantly, delayed antiselectin therapy also decreased injury. 
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Introduction 


After lower-torso ischaemia, reperfusion can lead to multi- 
organ injury’. Local events include endothelial damage and 
permeability oedema”. Remote organ injury is character- 
ized by increased pulmonary vascular permeability and 
neutrophil sequestration’. 

Experimental models of hindlimb ischaemia—reperfusion 
have identified the polymorphonuclear leucocyte (PMN) as 
playing a central role in subsequent organ damage™*. PMN 
immunodepletion before the ischaemia moderates both 
local and remote organ injury”. Neutrophil-endothelial 
cell interaction via adhesion molecules is a prerequisite for 
microvascular injury. The selectin family of adhesion 
molecules is responsible for the initial tethering of PMNs 
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to the microvessels’. Rolling neutrophils become activated 
and firmly attached to the endothelmm via B2-integrin 
interaction with intercellular adhesion molecules (CAMs) 
1 and 2°. Their activation leads to increased microvascular 
permeability by the release of free radicals and proteolytic 
enzymes. 

Experimental antiselectin therapy using sialyl-Lewis* 
(sLe*) or P-selectin antibody moderates local skeletal 
muscle reperfusion injury in the rat’. Also, anti-integrin 
therapy in the form of a Mac-1 (CD11b) antibody reduces 
remote lung injury following intestinal and skeletal muscle 
ischaemia—reperfusion in the rat®. 

This study investigated the role of recombinant soluble 
P-selectin glycoprotein ligand-immunoglobulin fusion 
protein (rPSGL-Ig), a P- and E-selectin antagonist, ın 
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reducing local skeletal muscle and remote pulmonary injury 
following hindlimb ischaemia—reperfusion. In addition, the 
role of delayed selectin blockade in moderating injury was 
investigated. 


Materials and methods 


Recombinant proteins 


rPSGL-Ig (Genetics Institute, Cambridge, Massachusetts, 
USA) was derived from pED.47.Fe, a recombinant soluble 
form of PSGL-1 fused to human IgG,”. Polymerase chain 
reaction (PCR) was performed on the Fe portion of this 
plasmid using 5 primer TAAATAGCGGCCGCACACA- 
TGCCCACCGTGCCCAGCACCTGAAGCCCTGGG- 
GGCACCGTCAGTCTTCCTC and 3° primer GCA- 
TGTTGCACCGAGGCCCCAGAATCA. The PCR 
product was digested with the restriction enzymes Norl 
and KpnI, and ligated to the large fragment of pED.47.Fc 
restricted with the same digest. The resulting vector, 
pED.47mutFc, was confirmed by DNA sequencing and 
then stably transfected and amplified in a dihydrofolate 
reductase-negative Chinese hamster ovary cell line that had 
previously been stably transfected with vector pMT4neo 
expressing both the complementary DNA (cDNA) encod- 
ing an o(1,3/1,4)fucosyltransferase and a cDNA encoding 
core 2B-1,6-N-acetylglucosaminyltransferase’. Analysis of 
several resulting clonal cell lines revealed a cell line with 
readily detectable core 2, fucosyltransferase activities and 
sLe*-modified glycans on 47mutFe: rPSGL-Ig. Endothelial 
selectin binding activity was confirmed by utilizing ix vitro 
binding assays as described previously”. 

m20ek.Fe (Genetics Institute) recombinant protein has 
the sequence QOVVGDDDFEDPDYTYNTDPPDDDD- 
DEAPRA, consisting of the mature amino-terminal 20 
amino acids of murine PSGL-1, followed by an entero- 
kinase cleavage site, then fused to an Ala234/Ala237- 
mutated form of human IgG, Fe!’ The murine PSGL 
segment lacks critical O-linked glycans and is therefore 
inactive for selectin binding, as confirmed by i vitro 
binding assays described previously’. m20ek.Fc was used as 
the negative control for rPSGL-Ig. 


Animals 


Male C57BL/6 mice aged 8-12 weeks and weighing 25- 
30 g, purchased from Taconic Farms (Germantown, New 
York, USA) were used for all experiments. The animals 
were maintained in accordance with the guidelines of the 
Committee on Animals of Harvard Medical School and 
those prepared by the Committee on the Care and Use of 
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Laboratory Animals of the Institute of Laboratory Animal 
Resources National Research Council. 





Hindlimb model of ischaemia-reperfusion injury 


Mice were anaesthetized with intraperitoneal sodium 
pentobarbital 60 mg/kg and underwent 2 h of hindlimb 
ischaemia, followed by 3 h of reperfusion. After 2 min of 
hindlimb elevation to minimize retained blood, bilateral 
rubber bands (latex O rings) were applied above the greater 
trochanter, using a MecGivney Hemorrhoidal Ligator 
(Miltex Instrument Company, Lake Success, New York, 
USA). Sham mice did not undergo ischaemia. Five minutes 
before rubber band release, animals received 1 Ci '7°I- 
radiolabelled albumin (ICN, Irving, California, USA) in 
0-3 ml of 0-9 per cent saline via tail vein injection. 
Hydraticn was maintained by intravenous infusion of 
0-1 ml of 0-9 per cent saline during each hour of 
reperfusion. Mice were maintained in a supine position 
and kept anaesthetized by intermittent intraperitoneal 
sodium pentobarbital injections. They were covered 
througheut the experiment to maintain body temperature. 
The experimental mortality rate was less than 10 per cent in 
mice undergoing ischaemia—reperfusion and zero in ani- 
mals undergoing sham injury. The animals were killed with 
an overdose of intraperitoneal sodium pentobarbital 
(90 mg/kg), blood was aspirated from the right ventricle 
through a midline sternotomy and its y radioactivity was 
counted {Packard, Downes Grove, Illinois, USA). 


Muscle permeability 


Muscle was harvested from both hindlimbs, its radioactivity 
measured and it was then dried to a constant weight in a 
gravity convection oven (Precision Scientific Group, 
Chicago, Illinois, USA) at 90°C for 72 h. Extravasation of 
'5T-labelled albumin was used to assess the hindlimb 
vascular permeability index (PI), which was determined by 
the ratio of radioactivity per gram of dry muscle to 
radioactivity per gram of blood. 


Pulmonary permeability 


Tracheostomies were performed using a 16-G catheter 
(Angiocath; Becton-Dickinson, Sandy, Utah, USA) and the 
lungs were instilled with 0-5 ml of 0-9 per cent saline using a 
1-ml syringe. After 1 min, the bronchoalveolar (BAL) fluid 
was aspirated. This process was performed three times over 
3 min using a total of 1-5 ml saline. A mean(s.e.m.) total of 
0-9(0-1) nal of BAL fluid was retrieved. Lung PI was 
reported as the ratio of radioactivity per gram of BAL 
fluid retrieved to radioactivity per gram of blood. 
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Lung myeloperoxidase assay 


Myeloperoxidase (MPO) activity was determined according 
to the method described by Schierwagen et a/.!'. In animals 
not receiving '**I-radiolabe led albumin, lung specimens 
were collected, cleaned and frozen at — 70°C for later MPO 
analysis, to quantify neutro hil sequestration. MPO is a 
haem-containing enzyme s:ored within the azurophilic 
granules of neutrophils, constituting 5 per cent of their dry 
weight. At the time of assay, samples were thawed at room 
temperature, rinsed with phosphate-buffered saline, blotted 
dry and weighed. Tissue buffer (potassium phosphate buffer 
0-05 mol/l containing 0-5 >er cent hexadecyltrimethyl- 
ammonium bromide (Sigma, St Louis, Missouri, USA), pH 
6-0) was added and the lung tissue homogenized. The 
samples were sonicated twice for 10 s and then centrifuged 
at 20 000g for 15 min at 4°C. The supernatant was 
incubated in a water bath at 50°C for 2 h and then diluted 
for assay. A standard curve was constructed by serial 
dilution of a human MPO standard (Biogenesis, Poole, 
UK) in tissue buffer. The assay was conducted in a 96-well 
microtitre plate containing 25 ul tissue sample (or MPO 
standard), 25 ul tetramethylbenzidine dihydrochloride 
(Aldrich, Milwaukee, Wiscorsin, USA) and 200 ul potas- 
sium phosphate assay buffer 0-08 mol/l containing hydro- 
gen peroxide 0-3 mmol/l, pE 5.4. The plate was shaken for 
30 s and incubated at 37°C for 5 min. The reaction was 
stopped by adding 25 ul bevine catalase (Sigma) from a 
stock solution (13-6 mg bovir.e catalase in 100 ml deionized 
water). The plate was again shaken and read at 650 nm. 


Treatment with recombinant proteins 


Mice were treated with rPSGL-Ig, administered intra- 
venously 5 min before reperfusion, as endothelial selectin 
activation occurs in response to inflammatory mediators 
produced during reperfusion™!™™. Each animal received 
rPSGL-Ig 1 mg/kg, a dose previously determined to inhibit 
neutrophil-selectin interaction effectively? and lasting 
for more than 4h’. Another group of mice received 
m20ek.Fc 1 mg/kg intravenously 5 min before reperfusion. 
Additional groups of animals were treated with an 
intravenous bolus of rPSGL-Ig, 30 min or 1 h after 
reperfusion, but not before. 


Statistical analysis 


Results were presented as mean(s.e.m.). Significance 
between groups was first tested by one-way analysis of 
variance and, if significance was found, Student’s t test with 
the Bonferroni correction for multiple comparisons was 
applied. Percentage reductioa in PI and MPO activity was 
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calculated after subtraction of the background value 
determined in sham animals. 


Results 


Local muscle permeability (Fig. 1) 


Reperfusion of the ischaemic skeletal muscle resulted in 
vascular injury, manifested by the extravasation of radio- 
labelled albumin. The PI in mice (7 = 17) after 3 h of 
reperfusion was 2-51(0-16), significantly higher than the PI 
of 0-17(0-01) in sham-operated animals (7 = 10) (P < 0.05), 
Treatment with rPSGL-Ig 5 min before reperfusion 
(n = 12) reduced permeability by 40 per cent (P < 0.05), 
indicating the importance of selectin-mediated neutrophil 
adhesion and activation. The PI was not significantly 





Muscle permeability index 




















Sham PSGL-ig m20ek.Fe rPSGL-ig 
injury R~-Smin R~Smin R+30min R 
Injured injured injured injured 





Fig. 1 Moderation of skeletal muscle reperfusion injury bs 
endothelial selectin blockade. Sham mice did not undergo 
hindlimb ischaemia. Treatment with recombinant soluble F- 
selectin glycoprotein ligand-immunoglobulin fusion protein 
(rPSGL-Ig) 5 min before reperfusion (R ~ 5 min) reduced rhe 
permeability index (PI) by 40 per cent. Treatment with 
m20ek.Fe, a negative control for rPSGL-Ig which is inactive for 
selectin binding, failed to moderate injury. Treatment with 
rPSGL-Ig 30 min after reperfusion (R + 30 min) redi 








by 20 per cent. No significant reduction in permeability wa 
noted in mice treated with rPSGL-Ig 1 h after reperfusion 


(R + 1 h). Values are mean(s.e.m.). *P < 0-05 versus untreated 
injured mice (Student’s 7 test) 
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Fig. 2 Moderation of remote lung injury by endothelial selectin 
blockade. Sham mice did not undergo hindlimb ischaemia. 
Treatment with recombinant soluble P-selectin glycoprotein 
ligand-immunoglobulin fusion protein (rPSGL-Ig) 5 min before 
reperfusion (R - 5 min) reduced the permeability index (PI) by 
over 99 per cent. Treatment with m20ek.Fc, a negative control 
for rPSGL-Ig which is inactive for selectin binding, failed to 
moderate injury. Treatment with rPSGL-Ig 30 min after 
reperfusion (R + 30 min) reduced the PI by 98 per cent. No 
significant reduction in permeability was noted in mice treated 
with rPSGL-Ig 1 h after reperfusion (R + 1 h). Values are 
mean(s.e.m.). *P < 0-05 versus untreated injured mice (Student’s 
t test) 


moderated in animals treated with m20ek.Fe (7 = 9), which 
is inactive for selectin binding. The PI in mice treated with 
rPSGL-Ig 30 min after reperfusion (z = 15) was reduced by 
20 per cent (P < 0-05), whereas in animals treated with 
rPSGL-Ig 1h after reperfusion (# = 11) it was not 
significantly moderated compared with that in the 
untreated group. 


Pulmonary permeability (Fig. 2) 


The PI in mice following sham ischaemia was 
0-0040(0-0003). Ischaemia-reperfusion led to a marked 
rise in PI to 0-0108(0-0018) (P < 0-05). Antiselectin therapy 
with rPSGL-Ig 5 min before reperfusion reduced perme- 
ability by over 96 per cent but the PI was not significantly 
moderated in animals treated with m20ek.Fc. The PI in 
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Fig. 3 Moderation of remote lung neutrophil sequestration by 
endothelial selectin blockade. Sham mice did not undergo 
hindlimb ischaemia. Treatment with recombinant soluble P- 
selectin glycoprotein ligand-immunoglobulin fusion protein 
(rPSGL-Ig) 5 min before reperfusion (R ~ 5 min) reduced lung 
myeloperoxidase (MPO) activity by 68 per cent. Treatment with 
m20ek.Fe, a negative control for rPSGL-Ig which is inactive for 
selectin binding, failed to moderate MPO activity. Treatment 
with rPSGL-Ig 30 min after reperfusion (R + 30 min) reduced 
MPO activity by 58 per cent. No reduction in MPO activity was 
noted in mice treated with rPSGL-Ig 1 h after reperfusion 

(R + 1 h). Values are mean(s.e.m.). *P < 0-05 versus untreated 
injured mice (Student’s z test) 


mice treated with rPSGL-Ig 30 min after reperfusion was 
reduced dy 82 per cent (P < 0-05), whereas in animals 
treated with rPSGL-Ig 1 h after reperfusion the PI was not 
significantly different from that in the untreated group. 


Lung myeloperoxidase activity (Fig. 3) 


MPO activity within the lungs increased from 849(79) 
units/g in sham animals (7 = 6) to 2919(212) units/gin mice 
with reperfusion injury (7 = 15) (P < 0.05). Treatment with 
tPSGL-Ig 5 min before reperfusion (7 = 10) reduced MPO 
activity by 68 per cent (P < 0-05). MPO activity was not 
moderated in animals treated with m20ek.Fe (7 = 9). In 
mice treated with rPSGL-Ig 30 min after reperfusion 
(2 = 12) MPO activity was reduced by 58 per cent compared 
with that in the untreated group (P < 0-05). MPO activity in 
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animals treated with rPSGL-Ig 1 h after reperfusion (n = 9) 
was not altered. 


Discussion 


A central role for the neutrophil in mediating the local 
events ın reperfusion injury after tissue ischaemia has been 
documented in a number of organs including skeletal 
muscle", Neutrophil diapedesis and sequestration within 
reperfused tissues is facilitated by adhesion to the micro- 
vascular endothelum’. The adhesion sequence of events 
starts with leucocyte rolling and tethering on the endothe- 
lial cell, which is mediated by the selectin family of adhesion 
molecules’. P-selectin stored in Weibel-Palade bodies is 
rapidly translocated on the endothelial cell surface follow- 
ing stimulation by various chemoactivators!>. E-selectin is 
upregulated later on the endothelium in response to the 
teens interleukin 1 and tumour necrosis factor (TNF) 

6, L-selectin is expressed constitutively on the mucoCtcs 
i is shed rapidly following their activation!’. Each 
selectin binds to a glycoprotein counter-receptor expres- 
sing sLe*-related oligosaccharides such as PSGL-1'®. After 
this initial selectin interaction, leucocyte {2-integrins 
upregulated by agents such as C5a, TNF-a and platelet- 
activating factor form firm adhesions with endothelial cell 
ICAM-1 and -2'°. Local chemoattractants such as the 
complement fragment C5a and the arachidonic acid 
metabolites, leukotriene B4 and thromboxane Az, produced 
in high concentrations at the site of endothelial injury, are 
potent stimuli for PMN generation of hydrogen peroxide 
and elastase, and can facilitate PMN diapedesis”°. 

‘The experimental use of antiselectin immunotherapy has 
been shown to moderate skeletal muscle reperfusion 
injury’. Weiser et al.” reported in a rat model of hindlimb 
ischaemia—reperfusion that antiselectin therapy in the form 
of a P-selectin antibody reduced permeability by 26 per 
cent, although this was less than the 36 per cent decrease 
noted with infusion of the oligosaccharide sLe”, a more 
general selectin antagonist, at a dose of 10 mg/kg. The 
present data confirm that broad selectin antagonism 
produced bya soluble form of the selectin counter-receptor 
PSGL-1 reduces local muscle permeability by 40 per cent, 
which suggests that there is overlapping function of the 
selectin adhesion molecules. Furthermore, in this model 
rPSGL-Ig abrogated PMN-mediated injury at one-tenth 
of the dose of sLe*, suggesting a more potent selectin 
antagonism. 

Following ischaemia, local tissue reperfusion generates a 
number of inflammatory mediators that activate circulating 
neutrophils and remote endothelium. Lung leucoseques- 
tration occurs progressively over several hours, an event 

associated with permeability oedema’. In this study 
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evidence was provided that neutrophil-mediated lung 
injury which occurs as a consequence of lower-torso 
ischaemia—reperfusion is facilitated by selectin-PMN 
interaction. Seekamp et a/.!, using antiselectin antibodies 
in a rat model of 4 h of hindlimb ischaemia followed by 4 h 
of reperfusion, reported that lung injury was L- and E- 
selectin dependent. When ischaemia and reperfusion umes 
were reduced to 1 and 1-5 h respectively, lung injury was 
also P-selectin dependent. Injury was blocked by infusion of 
the general selectin antagonist sLe*. These data appear to be 
in agreement with the present findings, where lung 
permeability following 2 h of hindlimb ischaemia and 3 h 
of reperfusion was reduced to the sham value with rPSGL- 
Ig, which possesses both P- and E-selectin-binding 
properties’. 

In this study, PMN sequestration was reduced by 68 per 
cent in the lungs of anumals treated with rPSGL-Ig. Because 
it is a specific ligand for selectins, rPSGL-Ig presumably 
acted by inhibiting the binding between endothelial cell 
selectins and neutrophils with the PSGL-1 counter- 
receptor. Takada et a/.?, in a rat model of kidney 
ischaemia—reperfusion, demonstrated that rPSGL-Ig, in 
addition to blocking local PMN infiltration by 50 per cent, 
reduced the induction of E-selectin messenger RNA 
(mRNA) ın that organ. The authors concluded that this 
event was predominantly mediated by rPSGL-Ig blocking 
P-selectin, which may diminish the local production of 
proinflammatory cytokines that induce E-selectin expres- 
sion. Without initial tethering, later integrin interaction 
with ICAM leading to PMN activation would be unlikely to 
take place. Scalia etal.”!, in a rat model of Noble-Collip 
drum traumatic shock, found that infusion of rPSGL-Ig 
inhibited de novo synthesis of leucocyte PSGL-~1 as indicated 
by low blood levels of PMN mRNA. The authors concluded 
that the mode of action of rPSGL-Ig may be extended not 
only to inhibition of leucocyte-endothelial interaction but 
also to attenuation of leucocyte-leucocyte and leucocyte- 
platelet interactions. These mechanisms are thought to be 
involved in PMN-mediated organ injury during ischaemia- 
reperfusion. 

Finally, the likely role of delayed endothelial selectin 
blockade was studied, as this may have significant clinical 
implications, since treatment often takes place during the 
reperfusion phase of injury. Significantly, the present data 
suggest that there may be a therapeutic window of 30 min 
after reperfusion, during which delayed administration of 
rPSGL-Ig can still lead to effective antagonism of PMN- 
selectin adhesion, leading to a reduction in local and remote 
permeability oedema as well as neutrophil accumulation 
within the lungs. This protective effect was lost after 1 h, 
indicating that PMN activation and adhesion ineghetisme 
were no longer selectin dependent. 
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Use of minilaparotomy in the treatment of colonic cancer 
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Background: The feasibility and safety of a minilaparotomy approach for curative resection of colonic 
cancer have not been fully elucidated. The purpose of this study was to compare outcomes utilizing this 
alternative technique with those of conventional laparotomy. 

Mothods: Eighty-four patients scheduled to undergo resection for colonic cancer via minilaparotomy 
between 1997 and 1999 were studied prospectively. The minilaparotomy involved complete resection 
performed through a skin incision less than 7 cm in length. Sixty-nine patients who underwent a similar 
resection via a conventional laparotomy between 1994 and 1996 served as the control group. 

Results: The minilaparotomy approach was successful in 72 of 84 patients. Colectomy type, operating 
time and histopathological features of tumours were similar between cases and controls, whereas 
operative blood loss in the control group was significantly greater (P = 0-002). Postoperative times to 
standing, walking, passage of flatus and urinary catheter removal were significantly shorter in the 
minilaparotomy group (P = 0-007, P= 0.003, P= 0-03 and P= 0-006 respectively), and analgesic 
requirements were significantly lower (P = 0-001). At a median follow-up of af 8 months there have 
been no tumour recurrences at the minilaparotomy incision sites. 

Conclusion: A minilaparotomy approach to the curative resection of colonic cancer is an attractive 
alternative to conventional laparotomy in selected patients. 


Paper accepted 31 December 2000 


Introduction 


Laparoscopically assisted colectomy may result in a more 
rapid return of bowel function, attainment of preoperative 
status and earlier hospital discharge compared to traditional 
laparotomy’°. Reasons proposed for the more rapid 
recovery after laparoscopically assisted colorectal surgery 
include a reduction in operation-induced stress, decreased 
postoperative pain and smaller abdominal incisions®. At 
completion of most laparoscopic colectomies, a small 
incision is made for extracorporeal anastomosis and 
removal of the specimen after laparoscopic mobilization 
of the bowel’. Fleshman et a/.° evaluated the minilapar- 
otomy approach and showed that laparoscopically assisted 
surgery for colorectal diseases did not confer added benefit. 
They concluded that rapid return of bowel function and 
earlier patient discharge were dependent on the use of small 
incisions, whether by minilaparotomy or laparoscopy“. 
The aims of this prospective study were to assess the 
feasibility and safety of using a minilaparotomy technique 
(length of incision less than 7 cm) in curative resection of 
patients with colonic cancer, and to compare various 


©2001 Blackwell Science Ltd 


Bntish Journal of Surgery 2001, 88, 831-836 


outcomes with those of conventional resection through a 
laparotomy incision. 


Patients and methods 


Definition of minilaparotomy 


The minilaparotomy approach for the treatment of colonic 
cancer was defined as complete resection performed 
through a skin incision less than 7 cm in length. 


Patient selection 


Eighty-four patients (38 women, 46 men; median age 68 
(range 39-88) years) were enrolled in this prospective study 
and scheduled to undergo complete resection for colonic 
cancer using the minilaparotomy approach between 
January 1997 and December 1999. Excluded from the 
study were patients who did not consent to the procedure, 
those with a tumour larger than 6 cm in size or infiltrating 
adjacent organs, patients who had intestinal obstruction or 
perforation, those with synchronous cancers or familial 
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adenomatous polyposis, and patients who had metastases to 
the liver, para-aortic lymph nodes or other distant organs. 

The control group comprised 69 patients with colonic 
cancer matching the preoperative exclusion criteria men- 
tioned above who had undergone colonic resection by 
conventional laparotomy (using a median incision) between 
January 1994 and December 1996. 


Preoperative management 


A uniform method of preoperative care, including diet 
counselling and directions regarding pulmonary function, 
was used in all patients. Some 2-3 litres of polyethylene 
glycol electrolyte solution given 1 day before operation 
served as bowel preparation. Urinary catheters and 
nasogastric tubes were used routinely. Epidural catheters 
were placed before induction of anaesthesia for both 
intraoperative and postoperative use. 


Operative technique 


‘The patient was placed in the supine or lithotomy position. 
All steps of the minilaparotomy approach were performed 
using conventional surgical techniques and instruments via 
a small abdominal incision. A right transrectus, left 
transrectus or lower median skin incision less than 7 cm 
in length was used for cancers of the right colon, left colon 
or distal sigmoid colon respectively. The choice of incision 
was determined in a manner intended to facilitate the most 
straightforward resection. 

Several large gauze swabs were inserted into the 
abdominal cavity to retract the small bowel and omentum 
from the operative field and an OMNI-TRACT® retractor 
system (Omni-Tract Surgical, Minneapolis, Minnesota, 
USA) was used. With this approach, division of the central 
vessels at their origin and removal of the draining lymph 
nodes was facilitated. By moving the minilaparotomy 
wound laterally and caudad or cephalad, cautious mobiliza- 
tion of the relevant segment of bowel loop was performed. 
The colon and its mesentery were carefully externalized 
through the minilaparotomy wound, allowing division of 
the associated mesentery and transection of the bowel with 
adequate proximal and distal margins to be performed 
extracorporeally. Lastly, bowel continuity was restored by 
means of hand-sewn or stapled anastomosis. 


Postoperative care 


Similar criteria for postoperative management were used in 
both groups. Diet was resumed after operation as soon as 
bowel function returned clinically. Analgesia (pentazocine) 
was administered intramuscularly as required. When fully 
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ambulatory, patients were discharged. Data for patients 
having a minilaparotomy were collected prospectively, 
whereas data for those having a conventional approach 
were retrieved retrospectively. American Joint Committee 
on Cancer classification and stage grouping were used to 
grade the tumours. Median (range) length of follow-up in 
the minilaparotomy and conventional groups was 24-8 (7-3- 
46-3) and 53-7 (10-5-82-5) months respectively. No patient 
was lost to follow-up. 


Statistical analysis 

Continuous data were expressed as median (interquartile 
range (i.q.r.) and analysed with the Mann-Whitney U test. 
Categorical data were analysed by x? test or Fisher’s exact 
test. Disease-free and disease-specific survival rates were 
calculated according to the Kaplan-Meier method’, and 
differences between survival curves were tested for sig- 
nificance with the log rank test’®. All tests were two tailed 
and P < 0-05 was considered significant. 


Results 


Feasibility of the minilaparotomy approach 


Of the 84 patients who were to undergo complete resection 
for colonic cancer using the mmmulaparotomy approach, 
success was achieved in 72 (86 per cent) and failure occurred 
in 12 (14 per cent). The reasons for failure were: inability to 
divide the lienocolic and phrenocolic ligaments at the 
splenic flexure (five patients), tumour adhesion or invasion 
into adjacent organs (five) and the presence of intra- 
abdominal adhesions due to previous laparotomy (one). In 
one patient the tumour was too large to allow removal 
through the minilaparotomy incision. 


Patient population 


The surgical outcomes of successful minilaparotomy in 72 
patients and the conventional laparotomy approach in 69 
patients were compared. Patient characteristics were similar 
between the two groups (Table 1). 


Operative procedures 


The length of the laparotomy incision in the minilapar- 
otomy group was significantly shorter than that in patients 
having the conventional approach (P < 0-001). Operating 
times were similar, although operative blood loss was 
greater in patients having the conventional operation than 
ın the minilaparotomy group (P = 0-002). The type of 
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Table 1 Characteristics of patients 


Minilaparotomy 
(n= 72) 0 


‘Age (years) 
Sext ; 


68 (60-74) - 


83 (46) 
< 89-64) 
54-5 (46-7-61-5) 
-157-3 (149:9-164-7) 
22-1 (20-1-24-3) 
25 (35) 


27 (38) 
45 (62) 





Conventional = o eg ie 
Ce 






24 -8 (20: «1-23. 6 
26 (38) 


32 (46) 
37. (54) 


*Values are median (interquartile range); tvalues in parentheses are percentages; {Mann-Whitney U test; $x? test 


Table 2 Operative procedures 


Length of laparotomy wound (omy 
Operating time (min)* : 
Operative blood loss (m 


: Operation? : Peer SEs 

<; fleocaecal resection - ; 1014) ae 
Right hemicolectomy =- eee VIB) oie 
_ Transverse colectomy _ ees 6 (8) 

Left partial colectomy eae By 

- Gigmoid colectomy > : : Does AD BBY 
Anastomosis? Te 

-o Hand-sewn = -59 (82). 
Stapied 43. (18) 






“Values are median (interquartile range); tvalues in parentheses are percentages; {Mann-Whitney U test; 8° test 


colectomy and anastomosis performed did not differ 
between groups (Table 2). 


Histopathological features of tumours 


Histopathological parameters, such as maximum tumour 
diameter, number of lymph nodes removed, assessment of 
proximal and distal margins, histological type and stage, 
were similar for the two groups. The minilaparotomy and 
conventional groups included 32 and 31 patients with stage 
I, 24 and 21 patients with stage II, and 16 and 17 patients 
with stage II disease respectively. 


Postoperative events 


Postoperative intervals until first standing, walking, passage 
of flatus and urinary catheter removal following the 
minilaparotomy approach were significantly shorter than 
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after conventional surgery (Table 3), However, time to 
tolerance of liquid and solid diet did not differ between 
two groups. 

All patients in both groups received pain relief by means 
of continuous epidural anaesthesia (mepivacaine hydro- 
chloride plus buprenorphine hydrochloride) and intramus- 
cular injections of pentazocine as required. The median 
(i.q.r.) duration of indwelling epidural catheter use was 4 
(8-0-4-0) days in both groups. The median dosage of 
mepivacaine hydrochloride and buprenorphine hydre- 
chloride administered through the epidural catheter was 
not significantly different between groups. Patients in the 
conventional group required more analgesia than those in 
the minilaparotomy group (P = 0-001). In the mi inilapar- 
otomy group, analgesic requir ements (pentazo 
patients with transrectus incisions and median incisi 
did not differ significantly. Postoperative length of hospital 
stay did not differ between the two groups 
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Table 3 Postoperative course 
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Fig. 1 Comparison of a disease-specific survival and b disease- 
free survival of patients in the minilaparotomy and conventional 
approach groups. The disease-specific or disease-free survival 
time of patients did not differ between the two groups (P = 0-51 
and P = 0-85 respectively; log rank test) 


Postoperative complications 


There was no operative mortality in either group. Five 
patients (7 per cent) in the minilaparotomy group developed 
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complications: intestinal obstruction (three patients), 
wound infection (one) and subcutaneous haematoma at 
the laparotomy wound (one). Seven patients (10 per cent) in 
the conventional group developed complications: intestinal 
obstruction (three patients), minor anastomotic leakage 
(one) and wound infection (three). The frequency of 
postoperative complications between the two groups did 
not differ. One of three patients in the minilaparotomy 
group who developed intestinal obstruction underwent 
reoperation by means ofa minilaparotomy 48 days after the 
initial operation. 


Short-term surgical outcomes for cancer treatment 


On completion of the study, 66 of 72 patients having the 
minilaparotomy approach were alive without tumour 
recurrence, and six (8 per cent) had developed tumour 
recurrence (metastasis to liver, lung and/or ovary), of whom 
three died. There have been no recurrences of tumour at the 
minilaparotomy incision site. In comparison, ten patients 
(14 per cent) in the conventional group had developed 
tumour recurrence, and five died from other causes. There 
have been no recurrences of tumour at the laparotomy site. 

The disease-specific survival and disease-free survival 
rates of patients in the minilaparotomy and conventional 
approach groups are given in Fig. 1. The survival rates did 
not differ between the two groups. 


Discussion 


This prospective study demonstrates the feasibility and 
safety of a less invasive, minilaparotomy approach for 
curative resection of colonic cancer. This is a suitable 
technique in most patients, although not all patients are 
suitable candidates for resection via such a small incision. In 
this series the minilaparotomy approach was unsuccessful in 
14 per cent of patients because of tumour size, tumour 
adhesion and/or invasion into adjacent organs, intra- 
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abdominal adhesions due to previous laparotomy, or 
technical difficulty. In these patients the operation was 
completed by elongation of the incision or by means of 
laparoscopically assisted surgery without pneumoperito- 
neum!! employing the original minilaparotomy incision. 
Thus, in some circumstances, a minilaparotomy may not be 
possible and a laparoscopically assisted technique may be a 
better choice. Fleshman et ai.° claimed that patients for 
whom full visualization of the abdomen or mobilization of 
distant structures is required may be best suited to 
laparoscopy. The minilaparotomy, in which the incision 
can be moved horizontally or vertically for optimal 
visualization, may be best for local resection. 

There is no consensus as to what comprises a minilapar- 
otomy. Fürstenberg et a/.'* described a maximum incision 
length of 10 cm, whereas Fleshman et a/.° included patients 
with 18-cm incisions as having undergone minilaparotomy. 
In the present series 7 cm was defined as the upper limit of 
incision length because this represented the minimum size 
that allowed insertion of the surgeon’s hand into the 
peritoneal cavity. Thus, most colectomies can be performed 
via a smaller incision than surgeons generally believe. 

The threshold of incision length that causes prolonged 
intestinal ileus has not been identified. Fleshman et a/.° 
reported that return of bowel function was proportional to 
the length of the incision, as was degree of postoperative 
pain and time until discharge. Fürstenberg et a/.'* specu- 
lated that avoidance of small bowel manipulation reduces 
the time of postoperative paralysis. In the minilaparotomy 
approach, the small bowel was not exposed to the operating 
room environment. 

The main reason for conversion from laparoscopic to 
open surgery is obesity’, leading most surgeons to consider 
obesity a relative contraindication for laparoscopic color- 
ectal resection'*. Body mass index (BMI) has been used as an 
objective index to indicate morbid obesity, defined as a 
BMI” greater than 30'417, Gatsoulis et a/.!” reported that 
23 of 145 patients who underwent laparoscopic cholecys- 
tectomy were morbidly obese (BMI above 30), whereas in 
the present study only two of 72 patients met this definition. 
Also, in this study there was no difference in BMI between 
patients having minilaparotomy or the conventional 
approach. The frequency of morbid obesity in Japanese 
patients is less than that of patients in Western countries!®, 
thus a minilaparotomy approach may be a more suitable 
technique for Japanese patients with colonic cancer. 

The main reported benefit of laparoscopic colonic 
surgery is reduction in the length of hospital stay’. In this 
study there was no difference in length of postoperative stay 
between munilaparotomy and conventional approaches. 
Japanese reports’? also have shown no difference in the 
length of hospital stay when comparing patients with 
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extensive lymph node dissection after laparoscopically 
assisted colectomy and colectomy by open laparotomy. 
Japanese patients, and the elderly in particular, demand 
hospital stays longer than the length recommended as 
necessary by their surgeons, and beyond that required for 
attainment of preoperative status. This may be attributed to 
a custom peculiar to Japan or to particularities regarding 
financial aspects of the Japanese healthcare system. 

In conclusion, the minilaparotomy approach for the 
curative resection of colonic cancer is less invasive than the 
conventional technique and appears to represent an 
attractive alternative ın selected patients with colonic 
cancer. However, there is a need for randomized studies 
to compare laparoscopic colonic surgery with minilapar- 
otomy to define further the differences between these two 
modalities. 
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Introduction 

The standard incisions used for performing an appendi- 
cectomy do not permit a full laparotomy. The removal of a 
normal appendix, in the erroneous belief that it is inflamed, 
may result in the true pathology remaining undetected’. Itis 
difficult, however, to accurately diagnose the presence of 
inflammation on simple inspection of the appendix, as 
approximately 10 per cent of apparently normal appendices 
are inflamed on subsequent histological examination’. It has 
been advocated traditionally that the appendix should be 
opened upon removal and its mucosa inspected for the 
presence of inflammation. Although this will theoretically 
distinguish true appendicitis from serosal inflammation 
induced by adjacent, extra-appendiceal pathology’, the 
practice is not evidence based. Patients undergoing 
appendicectomy were therefore randomized with respect 
to whether the appendix was additionally opened at the time 
of removal. The surgeon’s opinion on the state of the 
appendix was compared with the subsequent histological 
diagnosis. The results suggest that opening the appendix 
upon removal does not improve the accuracy of on-table 
diagnosis. 


Patients and methods 

Between August 1998 and February 1999, 120 consecutive 
patients underwent open appendicectomy for suspected 
acute appendicitis. Randomization was performed, using a 
random number table, as to whether inflammation was 
assessed, before fixation, simply from the external appear- 
ance of the appendix or whether the appendix was also 
opened. If opened, the presence of ulceration was con- 
sidered indicative of inflammation. The appendix was then 
graded by the surgeon as being normal, mildly inflamed, 
moderately inflamed or severely inflamed (gangrenous or 
perforated). Histological examination was performed by 
one consultant pathologist. The minimum histological 
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criterion required for the diagnosis of appendicitis was the 
presence of polymorphs within the mucosa or submucosa. 
The confidence interval for the difference berween propor- 
tions was calculated according to the iterative method of 
Miettinen and Nurminen, using Arcus Quickstat se 


(Research Solutions, Cambridge, UK). 






Results 
The age and sex of the patients in the two groups were 
similar (data not shown). Ninety (75 per cent) of the 120 
appendices removed were thought to be inflamed at the 
time of removal and this was confirmed histologic 
(83 per cent) (Table 1). Surprisingly, opening the appendix 
was associated with an increased likelihood of mi: 


lyin 78 








ing a normal appendix as inflamed; this occurred nine times 
in the ‘appendix opened’ group as opposed to six times in the 
‘unopened’ group (Table 1). This difference was not 
significant (95 per cent confidence interval for the 
difference in proportions — 0-176 to 0.074, P = 0-43). 


Discussion 

Opening the appendix on table has been taught tradinonally 
as being a necessary and integral part of an appendicectomy 
operation’. The results of this study suggest that it is 
unlikely to prevent occasions when appendicitis is w 
diagnosed and the true pathology is missed. Opening 
appendix cannot therefore be recommended, es 
since it may compromise subsequent histological ex: 
tion. 

The greater number of false-positive surgical diagnoses 
in the ‘appendix opened’ group can be explained by 
assuming that mucosal inflammation alone, as occurs in 
early appendicitis, is distinguishable only upon micro- 
scopic, not macroscopic, examination. ‘Trauma trom open- 
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umna- 


ing the appendix may have been erroneously identified as 


inflammation. 


Table 1 On-table diagnostic accuracy of opening the appendix 
compared with external inspection only 





Values in parentheses are percentages 
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The surgeon labelled 29 appendices as severely inflamed, 
48 as moderately inflamed and 13 as mildly inflamed. 
Histological examination confirmed the presence of 
inflammation in 29, 44 and only two respectively. This 
highlights the need for a more thorough laparotomy in 
patients whose appendix appears only mildly inflamed. 
They may benefit from additional laparoscopy, perhaps by 
using the wound as the site for entry of the port’. 
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Background: Preoperative radiotherapy improves local control and survival in rectal cancer, but may 
also increase postoperative morbidity and mortality rates. Establishing selection criteria for 
preoperative radiotherapy is crucial. The tumour level above the anus may be one such criterion. The 
effect of preoperative radiotherapy in relation to the distance between the tumour and the anus was 
therefore assessed. 

Methods: In 457 patients operated for cure included in the Stockholm II Trial the local recurrence 
rate in irradiated and non-irradiated patients was analysed in relation to the tumour location (low, mid 
or upper rectum). 

Results: Radiotherapy reduced the local recurrence rate from 30 to 20 per cent in low rectal cancer, 
from 25 to 11 per cent in mid rectal cancer and from 21 to 5 per cent for tumours in the upper rectum. 
Conclusion: With conventional surgical techniques preoperative radiotherapy plays an important role 
in rectal cancer irrespective of the location of the tumour. To irradiate only patients with tumours in 
the lower rectum and to omit this treatment for patients with tumours in the mid and upper rectum 
cannot be recommended. Whether this statement is valid with standardized total mesorectal excision 
(TME) surgery is not known. Until this knowledge is available the current indications for preoperative 
radiotherapy should probably also be used with TME surgery. 
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Introduction 


With surgery alone the local recurrence rate after poten- 
tially curative resection for rectal cancer has been high, 
ranging from 20 to 40 per cent’~*. To improve local control 
the effect of adjuvant radiotherapy in rectal cancer has been 
evaluated in several prospective randomized trials. These 
trials have shown a significant reduction in the local 
recurrence rate with both preoperative and postoperative 
radiotherapy. However, preoperative radiotherapy seems to 
be more effective and the compliance 1s higher”®. An overall 
survival benefit has also been shown with preoperative 
radiotherapy but not with postoperative radiotherapy, 
unless combined with chemotherapy’. Preoperative radio- 
therapy may, however, increase postoperative morbidity 
and mortality rates‘°-'*, Therefore, the selection of patients 
for this treatment and the treatment technique is crucial. 
Patient selection criteria should be identified and the 
radiotherapy technique, dose and fractionation optimized. 

As the risk of local recurrence increases with low rectal 


tumours’? ” it may be argued that patients with tumours in 
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the lower rectum should be irradiated while patents with 
tumours in the upper rectum may not need this treatment. 
Thus, the tumour level above the anus could be one 
selection criterion for preoperative radiotherapy. 

To assess the effect of preoperative radiotherapy on the 
local recurrence rate in relation to the distance between the 
tumour and the anus, 457 patients operated for cure were 
reviewed. These patients had been included in the 
Stockholm I Trial, which prospectively evaluated pre- 
operative radiotherapy versus surgery alone in the treatment 
of rectal cancer. 


Patlents and methods 


The Stockholm II Trial was performed between 1987 and 
1993. Details of the study have been published pre- 
viously'®, In summary, 557 patients with biopsy-proven 
adenocarcinoma of the rectum were randomized to 
preoperative irradiation followed by surgery or to surgery 
alone. Those allocated to radiotherapy received a total dose 
of25 Gy (five fractions of 5 Gy) within a treatment ume of $ 
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or 7 days (treatment interruption occurred for some 
patients over the weekend). Radiotherapy was given with a 
four-field technique and 6-21-MV linear accelerators were 
used. Exclusion criteria were a preoperative diagnosis of 
distant metastases, previous radiotherapy to the pelvis and 
age above 79 years. 

Patient data, including tumour distance from the anal 
verge, the extent of surgery and findings of local, regional or 
distant spread, were reported prospectively by the respon- 
sible surgeon to the study secretariat. The height of the 
tumour (from the anal verge to the lower border of the 
tumour) was measured by rigid sigmoidoscopy. Details of 
tumour histopathology were reported by the responsible 
pathologist. Surgery was defined as curative if all macro- 
scopic tumour was removed without signs of metastases and 
if the pathologist reported tumour-free margins of the 
specimen. During follow-up the surgeon reported findings 
of local recurrence, metastases, death and causes of death. 

In all, 481 of 557 patients underwent a potentially 
curative procedure. In 24 of these patients the distance 
between the tumour and the anus was not reported 
conclusively so 457 patients were included in the present 
study. The low rectum was defined as 0-5 cm from the 
anorectal junction, the mid rectum as 6-10 cm and the 
upper rectum as more than 10 cm from the anorectal 
junction. 


Statistical analysis 


The relationship between tumour distance from the anus 
and clinical variables was analysed by contingency table 
methods, except for age at operation for which the Kruskal- 
Wallis test was used. Comparisons of cumulative incidence 
of local recurrence were made using Cox’s proportional 
hazards model. In the multivariate analyses adjustment was 
made for age, sex, type of operation and Dukes’ stage. A test 
of interaction between radiotherapy and the location of the 
tumour was also performed. 


Results 


The patients were divided into three groups according to 
distance from the anus to the tumour (0-5, 6-10 and more 
than 10 em). The tumour was located in the low rectum in 
149 patients, in the mid rectum in 182 patients and in the 
upper rectum in 126 patients. 

Clinical characteristics are shown in Table 1. As expected, 
there was a significant relation between the distance from 
the anus to the tumour and the type of surgery performed. 
In patients with low rectal tumours, anterior resection was 
performed in 11 per centand abdominoperineal resection in 
89 per cent. In patients with mid rectal tumours the 
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corresponding figures were 41 and 59 per cent, and in 
patients with tumours in the upper rectum 90 and 10 per 
cent. There were no significant differences between the 
three groups of patients with regard to age, sex, tumour 
stage and proportion randomized to radiotherapy plus 
surgery versus surgery alone. 

In all, 37 (25 per cent) of 149 patients with tumour in the 
low rectum had a local recurrence compared with 34 (19 per 
cent) of 182 with tumour in the mid rectum and 17 (13 per 
cent) of 126 with tumour in the upper rectum. However, 
these differences were not statistically significant (P = 0-08, 
test for trend). 

The effect of radiotherapy on local recurrence rate, in 
relation to tumour distance from the anus, is shown in 
Table 2. Radiotherapy reduced the local recurrence rate 
from 30 to 20 per cent (relative reduction 33 per cent) in low 
rectal cancer, from 25 to 11 per cent (relative reduction 56 
per cent) in mid rectal cancer, and from 21 to 5 per cent 
(relative reduction 75 per cent) for tumours in the upper 
rectum. The effect of radiotherapy was statistically sig- 
nificant for tumours in the mid and upper rectum but not for 
tumours in the low rectum (Table 2). However, the test of 
interaction between radiotherapy and tumour distance 
from the anus was not significant (P = 0-26). 


Table 1 Clinical characteristics of patients operated for cure in 
the Stockholm H Trial in relation to tumour distance from the 
anus 


Tumour distance from the anus: 


s5em O eoem ~ 
(n= 149) (n= 182) 





Median age (years) 69 ` 6B 69 
Male ee 95 (64) 105 (58) = 74 (59) 
Female 54 (36) 77 (42) “2 (44) 
Dukes’ stage* ee a E 
A 55 (37) 66 (36) 46 (387) 
B 48 (82) 88 (29) 41 83) 











C 46 (81) 63. (85) 9 (31) 
Operation" ee ae 
Anterior resection’ 16 (11) 75 (41) 113 (90) 
Abdominoperineal. 193 (89) 107 (59. © 1300 > 
resection ee EnA Faalen 
Radiotherapy" E oe os) 
Yes 76 (51) — BO (44) - 60 (48) 
No =- 73 (49) 102 (66) 66 (62) 
Local recurrence 0 i E 
No. of patients’ 37 (25) 409 170I 
Hazard ratio? TO OF (4-1-2) 05 (0:3-11) 


Values in parentheses are “percentages or 795 per cent confidence 
intervals 
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Table 2 Adjusted effects of preoperative radiotherapy on local recurrence in relation to tumour distance from the anus 





ee a Proportion of patents with local recurrence" 
Distance from 









E No radiotherapy Radiotherapy 
-22 of 73 (30 3 15 of 76 (20) 

oe 25 -9 of 80 (11) 
44 of 66 @1) “3 of 60 (5) 





Values in parentheses are “percentages or +95 per cent confidence intervals 


7 s The results of this study may be related to the fact that 
Discussion y y o the fact that 


Local recurrence after surgical treatment of rectal cancer is 
an important clinical problem. Several factors that adversely 
influence the risk of local recurrence have been identi- 
fied!'*!®®, These include tumour characteristics such as 
tumour stage, grade of differentiation, lymphatic, venous or 
perineural invasion, circumferential margin involvement 
and fixation in the pelvis. Several studies have also reported 
a higher risk of local failure in patients with tumours in the 
low rectum, which presumably is related to an impaired 
ability to excise widely in the depths of the pelvis”* 

The rationale for using radiotherapy in rectal cancer is 
the ability of irradiation to eradicate tumour cells in the 
periphery of the tumour where the tumour cell deposits are 
small and well vascularized. It may be postulated that 
radiotherapy is more efficient if excision of a tumour with 
wide surgical margins is difficult owing to inaccessibility, as 
in the pelvis, than it is if the excision can be performed with 
adequate margins. Accordingly, it has been suggested that 
preoperative radiotherapy should mainly be used in low 
rectal cancer, especially if an abdominoperineal excision is 
planned’*”>, In the present study there was an increased risk 
of local recurrence for tumours in the lower rectum 
compared with tumours in the upper rectum but the 
difference was not statistically significant. 

Preoperative radiotherapy reduced the local recurrence 
rate irrespective of the tumour distance from the anus. 
Surprisingly, the reduction was larger, both in terms of 
absolute and relative reduction, for tumours in the upper 
rectum than for tumours in the lower rectum. However, the 
difference in hazard ratios between the three groups of 
patients was not statistically significant according to the test 
of interaction. The lack of statistical significance may be due 
to an insufficient number of events in each group, but it 
cannot be concluded that the effect of radiotherapy is 
different for tumours at different levels in the rectum, 
implying that patients with cancer in the upper and mid 
rectum should also be considered for preoperative radio- 
therapy. 
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when the Stockholm II Trial was performed almost all 
patients with rectal cancer had surgery with conventional 
techniques, that is blunt dissection of the rectum with a high 
proportion of abdominoperineal resections. With 
technique the mesorectum may easily be damaged with 








subsequent spread of tumour cells or microscopic tumour 
deposits in the pelvis. If the number of resid Hs 
is large, radiotherapy may be less effective than if the 
number of residual tumour cells is small. With conventional 
dissection the upper mesorectum is usually better preserved 


ual tumour ce 





than the lower mesorectum, which is more often torn. 

With the technique of total mesorectal excision (TME), 
which involves specimen-orientated surgery by 
dissection under direct vision in place of conventional 
manual extraction techniques, an intact mesore 
usually be excised”*?”. Accordingly, the jocal 
rate has been significantly reduced not only 
dedicated centres but also in a population-based study irom 
Stockholm and in other population-based series” 

Most centres using the TME technique have not u 
preoperative radiotherapy and the significance of 
adjuvant treatment in combination with TME surgery 
not yet been established. However, in a Swedish study, only 
three (2 per cent) of 196 patients who were treated with a 
combination of TME surgery and preoperative radit 
therapy had a local recurrence eke 24 
compared with 11 © pet cent) of 12 
TME surgery alone”? 

In conclusion, die results of this study imply that 
preoperative radiotherapy plays an important role in rectal 
cancer, irrespective of the location of the 
conventional surgical techniques are used.” 
patients with tumours in the ie er rectum and to omit this 
treatment for patients with rumours in the mid and upper 
rectum cannot be recommended. Whether this statement is 
valid with standardized TME surgery is not known. The 
ongoing Dutch trial*! 
without preoperative radiotherapy, may help to answer this 
question. Until this knowledge is available. current indica- 
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Vo irradiate only 


, evaluating TME surgery with or 
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tions for preoperative radiotherapy should also be used for 
TME surgery. 
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Long-term results of treating hepatic colorectal metastases 
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Background: The purpose of this study was to determine the long-term efficacy of cryosurgery as an 
adjunct to hepatic resection in patients with colorectal liver metastases not amenable to resection alone. 
Methods: Thirty patients met the following inclusion criteria: metastases confined to the liver and 
judged irresectable, ten or fewer metastases, cryosurgery alone or in combination with hepatic resection 
allowed tumour clearance. 

Results: Median follow-up was 26 (range 9-73) months. Overall 1- and 2-year survival rates were 76 
and 61 per cent respectively. Median survival was 32 months. Disease-free survival at 1 year was 35 per 
cent, at 2 years 7 per cent. Six patients developed recurrence at the site of cryosurgery; given that the 
total number of cryosurgery-treated lesions was 69 the local recurrence rate was 9 per cent. 
Conclusion: In patients with colorectal liver metastases, local ablative techniques can be used as an 


effective adjunct to hepatic resection to obtain tumour clearance. 


Paper accepted 3 January 2001 


Introduction 


Hepatic metastases are the main cause of death in patients 
with colorectal cancer’. In patients with metastatic disease 
confined to the liver, resection offers the best chance of cure. 
After resection, a 5-year survival rate of 35 per cent can be 
achieved”. However, only a minority (10-15 per cent) of 
patients with liver metastases is suitable for resection. 
Resectability is usually determined by the absence of 
extrahepatic disease, a maximum of four liver deposits and 
the ability to obtain free resection margins®. Recently, it has 
been demonstrated that the presence of more than four 
metastases does not automatically preclude resectability™? 
Liver resection in patients with more than four metastatic 
lesions has been shown to result in a 5-year survival rate of 
25 per cent as long as resection margins are free of tumour’. 
In patients with more extensive disease, however, it may be 
difficult to resect all tumour tissue adequately. It is in this 
group of patients that local tumour ablative techniques such 
as cryosurgery can be used as an adjunct to hepatic 
resection! ™t?, Using cryosurgery, liver deposits are frozen 
with the aid of liquid nitrogen circulating through a probe 
placed in the centre of the tumour'*. The method has been 
shown to be safe and to allow treatment of one or more liver 
metastases ™ 1574, 
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The aim of this study was to describe the long-term 
results of cryosurgery when used either alone or in 
combination with liver resection in patients with colorectal 
liver metastases. 


Patients and methods 


Patient selection 


Patients with documented colorectal liver metastases who 
met the following criteria were considered for cryosurgery: 
metastases confined to the liver; metastases judged irre- 
sectable cue to technical considerations related to location 
or extent of the disease; less than 50 per cent of liver volume 
affected and the number of metastatic deposits no greater 
than ten; cryosurgery alone or in combination with 
resection would allow complete tumour eradication. 
Previous chemotherapy was not considered an exclusion 
criterion. To determine the extent of the disease before 
operation, all patients underwent spiral abdominal com- 
puted tomography (CT), chest radiography or CT of the 
thorax, and more recently fluoro-2-deoxy-D-glucose posi- 
tron emission tomography (FDG-PET). Barium enema or 
colonoscopy was performed to exclude local recurrence. 
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Liver function tests and determination of carcinoembryonic 
antigen (CEA) level were performed routinely. 


Operative procedure 


The operation was performed as a separate procedure 
through an extended right subcostal incision. The abdom- 
inal cavity was explored thoroughly to exclude extrahepatic 
disease. Suspicious lymph nodes or peritoneal deposits were 
subject to biopsy and fresh-frozen section. The extent of 
liver involvement was mapped out by careful palpation and 
intraoperative ultrasonography. The number of lesions and 
their relationships to major biliary and vascular structures 
were determined, and resectability was assessed. Tumour 
size and locoregional invasion of perihepatic structures 
were not considered a contraindication to operation as long 
as resection could clear all tumour tissue. In all cases 
surgical resection was considered the treatment of choice. 
When complete resection could not be achieved, patients 
were included in the study and the decision was taken either 
to perform cryosurgery alone or to combine resection of 
resectable lesions with cryosurgery of irresectable deposits. 


Technique of hepatic cryosurgery 


After localization of the liver metastases the cryoprobe was 
introduced under ultrasonographic guidance into the 
centre of the tumour. Cryosurgery was performed as 
described previously using an LCS 2000 apparatus 
(Candela, Eindhoven, The Netherlands)! 7. During the 
freezing process continuous ultrasonographic monitoring 
of the lesion was carried out to assure that the ‘ice ball’, 
visible as a hypoechogenic area around the tip of the 
cryoprobe, exceeded the diameter of the lesion by about 
1 cm. The volume of tumour that can be frozen with one 
cryoprobe depends on the diameter of the probe. 
Cryoprobes with a diameter of 5 and 10 mm generally 
result in an ice ball of 4 and 6 cm respectively. By 
introducing more than one probe, an adequately frozen 
area with a diameter of 10 cm can be attained. The time of 
freezing was dependent on the production of an adequate 
ice ball, but generally one freeze period lasted for 20 min, 
followed by thawing for at least 10 min. Two freeze-thaw 
cycles were always performed per lesion. 


Postoperative follow-up 


Postoperative follow-up was obtained at 6 weeks and then 
every 3 months by assessment of CEA concentration and 
abdominal spiral CT. The first postoperative CT scan was 
used as a reference to evaluate liver recurrence. When 
indicated, additional investigations were performed to 
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detect recurrence outside the liver. Regular follow-up was 
reduced to twice yearly after 2 years. When new liver 
deposits became evident, subsequent resection or cryosur- 
gery was performed whenever possible. In case of doubt 
about recurrence at the site of cryosurgery, an ultrasono- 
graphically guided biopsy was performed. After cr 
gery, patients did not routinely receive chemotherapy. 
Chemotherapy was started only in cases of recurrence not 
amenable to resection or cryoablation. 











Results 


Patient and treatment characteristics 


Between January 1994 and October 1999, 30 patients with 
irresectable liver metastases from colorectal cancer met the 
prospective criteria and underwent hepatic cryosurgery 
with or without additional hepatic resection. These pat 
represented 15 per cent of the cases surgically treated for 
colorectal liver metastases within the study interval. Soa 
patients had synchronous metastases, and 14 had meta- 
chronous metastases (Table 1). The median time from 
detection of liver metastasis to operation was 3-5 months. In 
seven patients this period was more than | year because of 
delay in primary referral. Eleven of the 30 patients were 
initially treated by chemotherapy before referral. By that 
time, eight patients showed progression of the dis 
noted by enlargement of the liver deposits on CT. In these 
patients the median duration of chemotherapy was 
10-5 months. A further eight patients developed metastases 
during adjuvant chemotherapy. Thus, a total of 16 patients 
had metastases that were progressive on chemotherapy at 
the time of operation. 

The number of liver metastases per patient varied frorn | 
to 10 (median 3). The number of nodules per patient treated 
by cryosurgery ranged from Í to 7 (median 2). The tumour 
and treatment characteristics of all patients are given in 
Table 2. Fourteen patients had four or more lesions, and 16 
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Table 1 Patient characteristics 














No. of patients 
Sex ratio (M : F) 
Mean (range) age (years) 
Synchronous: metachronous — 
Median (range) interval from diagn 
of primary tumour to detection 
metachronous metastases 
Median (range) time from 
of metastases to cryosui 
Failure of chemot 
Median (range) follow-up | 


*Value in parentheses is a percentage 
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Table 2 Tumour and treatment characteristics 


= No. of metastases 


TEA Ba 
w 14 
4 3 
12 1 








*Number of patients according to the size of the largest metastatic lesion; #number of lesions according to size 


had fewer than four metastases. Seven patients were treated 
by cryosurgery alone. In all other cases cryosurgery was 
combined with resection of the resectable lesions. Of 115 
metastases, 69 (60 per cent) were treated by cryosurgery. 

The size of the metastases varied from | to 18 cm, witha 
maximum diameter of the cryosurgery-treated lesions of 
9 cm. Most lesions treated by cryosurgery were less than 
4 cm in diameter. 

Three patients underwent repeat cryosurgery for recur- 
rent liver metastases. One patient was treated twice for 
recurrence; thus the total number of cryosurgical proce- 
dures was 34. Median follow-up after cryosurgery was 
26 months, and the median follow-up after detection of 
metastases was 40 months. 


Mortality and morbidity 


‘There was one postoperative death from acute myocardial 
infarction 14 days after an uncomplicated cryosurgical 
procedure. The morbidity rate associated with the 34 
procedures was 26 per cent. Haemorrhage from a cryosur- 
gery-treated lesion was encountered twice. One patient had 
to be returned to the operating room because of haemor- 
rhage; another required packing of the liver during the 
procedure due to hepatic cracking of the ice ball with 
associated haemorrhage. Four patients developed an 
abscess of the cryosurgery-treated area. All were treated 
by percutaneous drainage. Three patients developed 
pneumonia after the procedure. Right pleural effusion was 
observed in most patients, probably due to the irritative 
process beneath the diaphragm. Total operating time varied 
from 2 to 6h. The median hospital stay for the 34 
procedures was 10 (5-106) days. 


Survival 
Ata median follow-up of 26 months, 14 patients had died, 
13 from metastatic disease and one postoperative death. 


After cryosurgery the overall survival rate at 12 months was 
76 per cent, and at 24 months it was 61 per cent (Fig. 1). 
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Median survival was 32 (range 0-5-58) months. The 1- and 
2-year survival rates after detection of the metastases were 
83 and 68 per cent respectively. Median survival after 
detection of the metastases was 46 months. Patients with 
lesions smaller than 4 cm had an increased survival rate 
compared with those with lesions of 4 cm or more (Fig. 2). 
Median survival for patients with lesions smaller than 4 cm 
was 46 months, compared with 18 months for those with 
lesions of 4 cm or greater (P < 0-05, log rank test). No 
significant correlation was found between the number of 
metastases and survival. 

At time of follow-up 25 of the 30 patients had developed 
recurrent disease. The disease-free survival rate at 1 year 
was 35 per cent, and that at 2 years was 7 per cent. The 
median time to detection of recurrence was 7 months. Of 
the 25 patients with recurrent disease, 18 patients presented 
with hepatic recurrence. In 11 cases the liver was the only 
site involved. Extrahepatic recurrence was observed in 14 
cases: lungs (six), colon and/or rectum (three), other (nine). 
Six patients developed local recurrence at the site of 
cryosurgery. In four of these patients the cryo-treated 
lesion was situated close to the portal bifurcation or inferior 
vena cava. In two of these cases there was some doubt during 
the procedure concerning the radicality of the freezing 
process. With regard to the total number of cryosurgery- 
treated lesions (7 = 69) in the series, the local recurrence 
rate was 9 per cent. Three local recurrences occurred in 
tumours of 4 cm or more in diameter. 


Discussion 


In only a minority of patients are colorectal liver metastases 
amenable to resection. Most patients have widespread liver 
involvement or extrahepatic disease which precludes any 
surgical approach. However, in a well defined subgroup of 
patients with irresectable tumours, complete tumour 
clearance of the liver can be achieved by cryoablation of 
the liver metastases with or without combined resection of 
resectable lesions. This study has shown that an aggressive 
approach is rewarding in a selected group of patients and 
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Fig. 1 Kaplan—Meier curve of survival after cryosurgery 


can result in significant prolongation of survival. Median 
survival was 32 months despite inclusion in the study of 
patients with progressive disease during chemotherapy. 
These results compare favourably to those of chemother- 
apy, for which a median survival of between 12 and 
17 months has been reported, depending on the schedule 
used”>*®. Nevertheless patient selection may have con- 
tributed to the superior results in the present series, 
particularly as patients selected for this study had a limited 
number of metastases (no more than ten) and no 
extrahepatic disease. 

This study concurs with other studies on cryosurgery of 
colorectal liver metastases. In these series the 1-year survival 
rate varied from 72 to 88 per cent, while 2-year survival rates 
of between 52 and 72 per cent have been 
reported!?+!315,16:19,20.24" As in the present study, cryoabla- 
tion of irresectable lesions was generally combined with 
resection of those lesions that were amenable to operation. 
The use of cryosurgery in combination with additional 
resection of resectable lesions increases the applicability of 
the method, especially in patients with a combination of 
large lesions and small deposits”*. As cryoablation seems to 
be less reliable for large metastases, resection is to be 
preferred for larger lesions and cryoablation for irresectable 
smaller lesions. Adam etal.'? and Seifert and Morris?’ 
reported that overall survival is significantly better in 
patients in whom the maximum diameter of the cryo- 
treated lesion is smaller than 3 cm. Temperatures reached 
at the edge of large lesions may be inadequate unless several 
cryoprobes are used in the same lesion. 

Of all lesions treated by cryosurgery, the overall local 
recurrence rate at the cryosurgical site was 9 per cent. This 


©2001 Blackwell Science Ltd 


10 pprccrteeerecen sen es 





Tumour size > 4 cm 
aaSeiss Tumour size < 4 cm 





08. 


0-4 


Probability of survival 


0.2 


l 
24 3 B 42 48 54 60 


Time after cryosurgery (months) 





0 6 12 18 


No atnsk 
24cm 21 17 12 5 3 2 1 1 1 1 
<4cm 9 9 9 8 4 2 2 1 0 0 


Fig. 2 Kaplan-Meier survival curves after cryosurgery in relation 
to the size of metastases. P < 0-05 (log rank test) 


value for local recurrence is low in comparison with a local 
recurrence rate of 44 per cent described by Adam etal.’?. 
However, others have also reported local recurrence rates at 
the cryosurgical site as low as 2-5 and 9 per cent”, 
Inadequate freezing was observed mainly ın patients with 
lesions situated close to the inferior vena cava or portal 
bifurcation, owing to the heat sink effect of the high blood 
flow. Four patients with local recurrence at the cryosurgical 
site had tumour situated close to these large vessels. Only 
two local recurrences were observed in lesions treated at 
other sites. 

In this study the overall disease-free survival rate at 1 year 
was 35 per cent. Most patients developed liver recurrence 
outside the cryo-treated area, or presented with extrahepa- 
tic recurrence. These findings are in agreement with those 
of other series, which report disease-free survival rates 
varying from 15 per cent at 15 months to 29 per cent at 
24 months!?-!5-1722,23, In contrast to several other series, 
routine postoperative chemotherapy was not used in the 
present study, although several series have reported 
significant benefit from this approach!®!°, In a series of 
116 patients treated by cryosurgery combined with intra- 
arterial chemotherapy, Seifert and Morris’? observed a 2- 
year survival rate of 56 per cent, while an earlier report 
mentioned a 2-year survival rate of 13 per cent in patients 
without intra-arterial chemotherapy’*. Most patients in the 
present series, however, developed combined hepatic and 
extrahepatic recurrence, which would make a case for 
combined intra-arterial and systemic chemotherapy after 
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cryoablation. Although postoperative chemotherapy after 
liver surgery for. ‘colorectal metastases continues to be 
controversial’’, recent data from Kemeny et a/.*° suggest a 
potential benefit of postoperative chemotherapy by the 
combined administration of intra-arterial floxuridine and 
systemic 5-fluorouracil—leucovorin. 

Cryoablation of liver metastases may be considered a safe 
procedure’***, The main complication in this series was 
abscess formation near the cryo-treated area. In all cases 
percutaneous drainage could be performed. The length of 
postoperative hospital stay related mainly to the extent of 
the accompanying hepatic resection. 

In patients with a limited number of irresectable color- 
ectal liver metastases, local cryoablation may be an 
attractive alternative to chemotherapy. Local tumour 
destruction should be considered as a complement to 
hepatic resection in order to obtain complete tumour 
clearance of the liver. Recently, radiofrequency ablation has 
emerged as a new therapeutic option for local destructive 
therapy of liver metastases*'*”. This treatment should, 
likewise, be considered complementary to hepatic resec- 
tion. However, with more widespread use of local tumour 
destructive techniques, randomized trials to compare 
chemotherapy with an aggressive surgical approach should 
be initiated in order to judge the potential benefit of local 
tumour destruction in patients with irresectable colorectal 
liver metastases. 
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Background: Circumferential stapled anoplasty is gaining popularity as a safe and effective treatment in 
the surgical management of haemorrhoids and mucosal prolapse. However, little is known about the 
medium- and long-term durability of this procedure. The aim of this study was to evaluate the medium- 
term results of stapled anoplasty in maintaining symptom remission and to identify possible procedure- 
related adverse effects. 

Methods: Of a consecutive series of 85 stapled anoplasties in 83 patients, 64 patients were eligible for 6- 
month review; 50 patients were seen in surgical outpatient clinics and seven were contacted by 
telephone. All patients attending the outpatient clinic were questioned about current symptoms and 
overall satisfaction with the procedure. The staple line was palpated digitally and inspected at 
proctoscopy. 

Results: Median (interquartile range) symptom scores were 6 (5-8) before operation compared with 0 
(0-1) at 6 months (P < 0.01). There was no deterioration in symptoms between 6-week and 6-month 
follow-up. No recurrences and no procedure-related adverse effects, in particular impaired continence 
or persistent anal pain, were identified. 

Concluston: The initial promising results of circumferential stapled anoplasty in effectively treating 


haemorrhoidal symptoms appear to be sustained at 6-month follow-up. 
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Introduction 


Circumferential stapled anoplasty may offer a safe and cost- 
effective alternative to conventional excision—ligation 
procedures in the management of prolapsing haemor- 
rhoids. Published randomized controlled trials’* suggest 
that the procedure is less painful than conventional surgery 
with many operations being carried out on a day-case basis. 
Earlier return to work may also be possible’, with potential 
benefits both to the individual and society in general. 
Reduced bed occupancy may lessen the economic burden 
on an already overstretched health service. 

Initial results of this longitudinal study of circumferential 
stapled anoplasty in the surgical management of patients 
with haemorrhoids and mucosal prolapse have been 
reported previously’. Data from randomized controlled 
trials and this prospective longitudinal study support the 
contention that the stapled procedure results in less 
postoperative pain and permits a more rapid return to 
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normal activity than conventional excisional surgery. Long- 
term monitoring of patients undergoing this procedure is 
essential to assess its sustained safety and efficacy. In view of 
the relative novelty of circumferential stapled anoplasty, 
close follow-up of patients has been continued, both to 
confirm that the short-term benefits of symptom relief are 
sustained and to evaluate any potential procedure-related 
sequelae. 


Patients and methods 


Eighty-five procedures have been carried out in 83 patients 
over 2 years. Two patients, operated on early in the series 
with a conventional staple gun (CDH 33; Ethicon, 
Bracknell, UK), complained of persistent symptoms at 
6-week follow-up and required a repeat stapling procedure 
for residual haemorrhoids. Sixty-four patients were eligible 
for 6-month follow-up. Patients were reviewed on an 
outpatient basis where possible, and a formal staple-line 
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Tabie 1 Symptom severity score rating system 
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Maximum possible score 15 


examination was carried out. Patients who did not attend on 
two occasions were contacted by telephone. Symptom 
assessment and scoring was carried out using the standard 
symptom scoring method described previously (Table 1)’. 
Patients were questioned about their overall satisfaction 
with the procedure and regarding any possible adverse 
symptoms related to continence, urgency or unsatisfactory 
defaecation. Digital rectal examination and proctoscopic 
examination were carried out to assess any residual 
haemorrhoidal tissue or prolapse, with particular attention 
to the presence of residual staples or staple-line stenosis. 


Results 


Of 64 patients eligible, 57 were followed up at 6 months. 
Fifty patients (88 per cent) were seen at outpatient clinics 
and seven (12 per cent) were contacted by telephone. Seven 
patients were lost to 6-month follow-up owing to reloca- 
tion, but all had been satisfied with the operation at the 6- 
week review. Of the 57 patients followed up at 6 months, all 
expressed high levels of satisfaction with the symptomatic 
results of the procedure. None required further treatment 
for procedure-related complications. 

Median (interquartile range) symptom scores were 6 (5— 
8) before operation and 0 (0-1) at 6 months (P < 0.01; 
Wilcoxon rank test). Symptom scores did not change 
significantly between 6-week and 6-month follow-up 
(Fig. 1). Forty-two patients (74 per cent) had a symptom 
score of 1 or less. None of the 50 patients examined had 
staple-line stenosis. There was no restenosis in the two 
patients found to have stenosis at 6 weeks. Residual staples 
were present in six of the 50 patients examined, but only one 
patient was aware of staples on postdefaecation wiping. 
Examination revealed the presence of a low staple line. 
Although minor persisting anal skin tags were observed in 
two patients these did not give rise to symptoms. The most 
common residual symptoms seen at 6 months were minor 
bleeding (7 = 9) and refractory pruritus ani (7 = 7). 
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Discussion 


Excisional haemorrhoidectomy has to date remained 
largely unchallenged as the operative treatment of choice 
for symptomatic prolapsing haemorrhoids*. The results 
are, however, variable with at least one series reporting a 
high incidence of recurrent symptoms at a median of 
2.5 years after operation”. 

With the development of surgical stapling technolog 
stapled anoplasty is now a viable alternative procedure 
haemorrhoidal prolapse and may offer a number of possible 
advantages with regard to reduced postoperative pain and a 
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efficacy and cost effectiveness of any new procedure it is 
essential to demonstrate its durability in the resolution of 
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haemorrhoidal symptoms. While initial experience of this 
technique has largely been promising there have been 
reports of immediate® and medium-term’ complications. 
The data presented in this study demonstrate favourable 
medium-term results with sustained relief of haemorrhoidal 
symptoms in a large cohort of patients with no evidence of 
significant complications, in particular urgency or post- 
operative pain. More importantly, patients did not com- 
plain of deterioration or recurrence of symptoms compared 
with those reported at 6 weeks; indeed, there was a trend 
towards continuing improvement. These results do, how- 
ever, show that chronic pruritus ani may persist despite 
adequate treatment of haemorrhoids and may merit referral 
to a dermatologist®. It is reassuring that the two cases of 
early anal stenosis did not recur. 

There has been some debate regarding the aesthetic 
outcome for patients with a significant external cutaneous 
component who undergo the stapling procedure. 
Proponents of the conventional excision-ligation technique 
argue that the cutaneous component can be dealt with 
effectively by excision. In the original description of 
circumferential stapled anoplasty, Longo” argued that, by 
reducing haemorrhoidal prolapse, the external haemor- 
rhoidal component regresses in the early postoperative 
period, eventually forming radial cutaneous folds. This 
hypothesis is supported by the current results in which 21 of 
57 patients followed up had a significant external haemor- 
rhoidal component, with only two patients mentioning 
palpable external skin tags at 6-month review. 

In conclusion, follow-up of patients undergoing circum- 
ferential stapled anoplasty demonstrates that symptomatic 
improvement is sustained in the medium term. There have 
been no recurrences and no procedure-related adverse 
sequelae with regard to continence or urgency. Residual 
staples have been seen in a minority of patients but do not 
appear to be troublesome. Patient satisfaction with the 
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procedure remains high. Although longer follow-up is 
required, the initial promise of this approach'® in the 
surgical management of prolapsing haemorrhoids appears 
to be sustained. 
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Background: Anal function depends on the integrity and quality of the sphincter muscles. The 
diagnosis of external anal sphincter atrophy on endocoil magnetic resonography has been associated 
with poor outcome from sphincter repair, although the imaging criteria for atrophy remain unclear. 
Methods: Women with intact sphincters on endosonography and either normal (more than 60 cmH,©) 
(n = 9) or low (z = 16) squeeze pressures had endocoil magnetic resonography and electromyography. 
The area and fat content of the external anal sphincter and puborectalis were measured on mid-coronal 
magnetic resonography and images were graded as showing normal, intermediate or advanced atrophy. 
The definition of the external anal sphincter on endosonography and the thickness of the internal anal 
sphincter were also assessed. 

Results: Women with a normal anal squeeze pressure had a larger external anal sphincter cross- 
sectional area (mean(s.d.) 240(56) versus 193(62) mm’; P = 0-01) with a lower mean fat content 
(mean(s.d.) 23(4) versus 30(6) per cent; P < 0-001) than those with low squeeze pressures. There was an 
overall correlation between squeeze pressure, cross-sectional area (r = 0-32, P = 0-02) and fat content 
{r = - 0-51, P < 0-001). Patients with a thin (less than 2 mm) internal anal sphincter and/or a poorly 
defined external sphincter on endosonography were more likely to have atrophy (positive predictive 
value 74 per cent). 

Conclusion: Potential endosonographic markers for external anal sphincter atrophy are suggested, and 


a visual scale for endocoil magnetic resonographic assessment has been validated. 
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Introduction 


Trauma to the anal sphincter and its nerve supply during 
vaginal delivery is the most common cause of faecal 
incontinence in women’. Endosonography has become an 
accepted technique for selecting those with anal sphincter 
disruption who might be eligible for anterior anal sphincter 
repair. Anal sphincter repair has a favourable outcome in 
60-80 per cent of patients’, although the long-term 
success rate falls to 50 per cent. Endosonographic 
evidence of restoration of an intact ring of external 
anal sphincter (EAS) has been associated with a good 
result®*, although this is not the only determinant of 
The Editors have satisfied themselves that all authors have 
contributed significantly to this publication 
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outcome. Manometric variables have not been shown to | 
useful®, but evidence of pelvic floor nerve damage, 
inferring EAS atrophy, has been associated with a poor 
outcome!”"'*, Endocoil magnetic resonance 
(MRI) has provided supporting evidence that atrophy is 
associated with a poor clinical outcome!’, suggesting t chat 
qualitative EAS imaging may be an important determinant 
of surgical outcome. 

Atrophy of the EAS is considered to be the end result of 
denervation. The ultimate effects of denervati 
muscle depend on axonal distribution, as well as 
extent and duration of nerve damage. Following ¢ 
tion, individual muscle fibres either regain a ner 
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fibre electromyography (EMG) is the ‘gold standard’ for the 
diagnosis of atrophy, as an increased mean fibre density 
indicates that reinnervation, following denervation, has 
occurred. However, it is an uncomfortable procedure, with 
limited sampling which may be unrepresentative of the 
sphincter as a whole. 

The EAS is clearly visible on MRI, as the low signal from 
striated muscle contrasts sharply with the surrounding 
bright fat. The bulk of the muscle is easy to appreciate on 
high-definition endocoil images. Most MRI reports of anal 
sphincter atrophy have been anecdotal'*!*; only one has 
documented measurement of sphincter area’. No study has 
assessed fat replacement within the EAS, which may be an 
important aspect of atrophy. Furthermore, no diagnostic 
criterion for the imaging of EAS atrophy exists for either 
endosonography or MRI. 

Imaging may be the only method available for assessing 
muscle quality before anal sphincter surgery. To determine 
what endosonographic or endocoil magnetic resonance 
variable might be of value, two groups of patients with intact 
anal sphincters have been investigated: a control group with 
constipation and physiologically normal anal sphincters, 
and a group with idiopathic faecal incontinence and 
manometrically weak anal sphincters. The appearances of 
atrophic and normal anal sphincters have been related to 
single-fibre electomyographic recordings, and predictive 
factors on endosonography and a scheme for quantifying 
atrophy on MRI are suggested. 


Patients and methods 


Women with an intact EAS on endosonography were 
selected for this prospective study. The study group 
(n = 16) consisted of women with faecal incontinence 
with a reduced maximal anal squeeze pressure (less than 
60 cmH,0). The control group (7 = 9) was recruited from 
a group receiving behavioural retraining for constipation, 
who had a normal maximal anal squeeze pressure (greater 
than 60 cmH,Q). Ethics committee approval had been 
granted for the study and informed written consent was 
obtained. 

All women had anal endosonography and endocoil MRI; 
11 had successful single-fibre EMG, but five declined 
examination owing to the discomfort involved. 

Anal manometry was performed using a station 
pull-through technique (0-5-cm stations) with a radially 
arranged eight-channel, water-perfused (0-5 ml/min) 
catheter. The resting 
pressure and mean incremental squeeze pressures were 


manometry mean maximal 
measured (Medical Measurement Systems, Enschede, 


The Netherlands). 
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Anal endosonography 


Anal endosonography was performed using a 3535 ultra- 
sound scanner with a 10-MHz transducer (B&K Medical, 
Sandhoften, Denmark). During each examination, an image 
at the most cranial level of the anal canal where the EAS first 
formed a complete anterior ring was captured digitally on to 
a personal computer for subsequent blinded image analysis. 
The thickness of the internal anal sphincter (IAS) was 
measured at 3 and 9 o’clock, and the mean was recorded. 

The images were assessed independently by two of the 
authors (A.B.W., C.I.B.) to ascertain whether the EAS was 
well defined or not. The reflectivity of the EAS is variable in 
women, but its thickness is demarcated (Fig. la) by an 
interface reflection on the inner border, between the EAS 
and the longitudinal muscle layer, and one on the outer 
border from a layer of subadventitial fat. The inner interface 
reflection was invariably visible. The EAS was considered 
poorly defined if the muscle layer was not clearly visible 
owing to loss of the outer interface reflection and/or poor 
differentiation between the reflectivity of the sphincter and 
perirectal fat (Fig. 1b). 


Single-fibre electromyography 


Single-fibre recordings were made in the EAS on the left 
and right sides at 3 and 9 o’clock using the Dantec Keypoint 


portable system Version 2 (Dantec Electronics, 





a Well defined EAS D Poorly defined EAS 


Fig. 1 Definition of the external anal sphincter (EAS) on 
endosonography. a Well defined muscle layer and interface 
reflections (arrows). b Poorly defined with only an inner 
interface reflection visible (arrow) 
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Tonsbakken, Denmark), using a single-fibre needle’ with 
a recording area of 25 um. Each woman was positioned in 
the left lateral position and recordings were obtained using 
a technique described previously 7 All potentials detected 
were saved on the computer for subsequent blinded 
measurement of mean fibre density. The procedure was 
abandoned when no potential was recorded after 15 min. 
Data were analysed using an established technique” 
Traces were assessed independently by two of three 


blinded observers (A.B.W., D.M., T.N.). Normal mean 


fibre density in the EAS!” in patients over the age of 


50 years was assumed to be 1-.37-1-79. 


Endocoil magnetic resonance imaging 


T2-weighted turbo spin-echo magnetic resonance images 
(time of repetition 3920, time of echo 120, six excitations, 
256 matrix, slice thickness 3 mm, no gap, 22 slices, scan 
time 6 min 28 s) of the anal canal were acquired in axial and 
coronal planes, using a Philips 1-0-T magnet (Philips 
Medical Systems, London, UK) with a dedicated endoanal 
receiver coil housed in a carrier 19 mm in diameter. The 
coil was inserted into the anal canal with the patient in the 
left lateral position, the patient then turned supine, the coil 
stabilized between foam pads to reduce movement artefact, 
and the patient moved into the bore of the magnet. 
During each study the coronal image corresponding the 
mid-anal canal level was selected. The imaging window was 
set ata width of 3000 and level of 800 that corresponded to 





a Normal b Intermediate C Advanced atrophy 
Fig. 2 Mid-coronal endocoil magnetic resonance imaging templates for external anal sphincter atrophy. a Norm 
1-75). b Intermediate atrophy (mean fibre density 2-26), c Advanced atrophy (mean fibre density 2-85). EAS 
LAS, internal anal sphincter; LM, longitudinal muscle; PR, puborectalis; SE, subepithelium 
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Fig. 3 Relationship between coronal cross-sectional external anal 
sphincter area and anal squeeze pressure 


were impossible in two examinations owing to equipment 
failure. Eleven women had successful electromyographic 
assessment, bilateral in eight and unilateral in three. 

Interobserver agreement for mean fibre density scoring 
was excellent with an intraclass correlation coefficient of 
0-99 and minimal bias (0-001) between the two observers. 
The 95 per cent confidence interval of the mean of the 
differences between the two observers (0-026) was within 
the 95 per cent limits of agreement (— 0-24 to 0-21) for the 
mean of all the differences, indicating acceptable repeat- 
ability"!. 

Women in the control group (7 = 9) had a mean age of 55 
(range 48-60) years compared with 62 (range 41-79) years 
for the study group (z = 16) (P not significant). The group 
with normal squeeze pressure had a significantly lower 
mean fibre density than those with reduced squeeze 
pressure (mean(s.d.) 2-16(0-41) versus 2-64(0-54), P = 0-04, 
non-paired ¢ test). There was no correlation between 
maximum voluntary squeeze pressure and mean fibre 
density. 

The mean cross-sectional external anal sphincter area on 
coronal MRI was greater in the normal squeeze group than 
the reduced squeeze group (240(56) versus 193(62) mm’; 
P = 0.01). Women with a normal anal squeeze pressure had 
a lower sphincter fat content on MRI than those with a 
reduced anal squeeze pressure (23(4) versus 30(6) per cent; 
P < 0.001). 

Anal squeeze pressure correlated with the cross-sectional 
anal sphincter area measured in the coronal plane (simple 
linear regression r = 0-32, P = 0-02) and sphincter percen- 
tage fat content (simple linear regression r=- 0-51, 
P< 0-001) (Figs 3 and 4). Larger sphincters contained 
less fat on MRI (r = ~ 0.3, P = 0-036). 

Using the reference magnetic resonance images, the EAS 
was graded as normal in nine women, intermediate in eight 
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Fig. 4 Relationship between coronal cross-sectional external anal 
sphincter fat content and squeeze pressure 


Table 1 Cross-sectional coronal external anal sphincter area, 
percentage fat content and squeeze pressure compared with 
magnetic resonance imaging grade 








Values are mean(s.d.). MRI, magnetic resonance imaging; EAS, external 
anal sphincter. *P = 0-001, +P = 0.003, FP = 0-017, §P = 0.013 versus 
normal group (unpaired Student's f test) 


and atrophic in eight. There was overall good agreement 
between the two observers (A.B.W., C.LB.) (weighted xK = 
0.78, P < 0-001); where disagreement existed a consensus 
was reached. A normal EAS showed a well defined muscle 
bulk with low fat content, an intermediate EAS had 
preservation of sphincter bulk but an increase in fat content, 
and an advanced atrophic EAS showed both a reduction in 
total muscle bulk and an increase in fat content (Fig. 2; 
Table 1). 

The appearance of the EAS on MRI was related to the 
success rate for single-fibre EMG, as potentials were 
recorded in all eight women in the normal group, two of 
four in the intermediate group, but only one of six in the 
advanced group (P = 0-001, x” test). In the three patients in 
whom EMG was recorded on one side only, the images 
confirmed unilateral EAS atrophy on the side concerned 
(Fig. 5). 

There was excellent agreement between the two blinded 
observers (A.B.W., C.I.B.) for assessment of the visibility of 
the EAS on endosonography (Fig. 1) (x = 0-91). Although 
there was no difference in cross-sectional area on MRI, fat 
content or squeeze pressures depending on whether or not 
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morphological differences between these are 
with the known pathophysiology of EAS atroph 
confirmed by direct EMG. The normal EAS cor 
dense, well defined muscle bulk with relatively litt 
between muscle bundles. Denervation of striate 
causes degeneration of individual muscle fibre 
replacement and an increase in fat content. The overall are 
of the EAS may be maintained, but an increased propi 
of fat becomes apparent, as seen in the intermed 
With more severe nerve damage further loss of muscle 
fibres leads to a reduced sphincter area, as seen in th 
advanced group (Fig. 2). 

The choice of control group in this study m 
criticized, as constipation has been associated with chroni 


straining and perineal descent~*. Although no pat 





clinical evidence of prolapse or excessive perineal 





Fig. 5 Mid-coronal endocoil magnetic resonance image showing the mean fibre density for the group was 2-16, which is abo 
unilateral external anal sphincter (EAS) atrophy. It was not normal for the age group. However, this shot 
possible to record electromyographic potentials from the right invalidate the MRI classification of atrophy, I a 
side of the EAS. The mean fibre density of the left EAS was 3-5, template was based on a patient with a norn 
indicating significant reinnervation (1-75). 
MRI of the EAS included the puborectalis mus 
was consequent on using the coronal view, as in this plane it 
the EAS was clearly defined on endosonography, there was a is impossible to separate the deep component of tl \ 
relationship to the MRI grade. The EAS was not defined from the puborectalis. The axial view has been used’ `, | 
endosonographically in five of nine women with a normal this study the entire anal sphincter area was 
EAS on MRI, five of eight women with an intermediate including the IAS. It was impossible to obtair 
grade, and seven of eight women with advanced atrophy. measurements of the EAS only in the axial plan 
The positive predictive value of poor endosonographic decision was made to use the coronal view. Although thi 
definition of the EAS on endosonography for predicting included the puborectalis, which has a different terminal 
either intermediate or advanced atrophy on MRI was71 per innervation from the EAS**, the puborectalis may a 
cent, with a negative predictive value of 50 per cent, become atrophic” and is important in the gen 
sensitivity of 75 per cent and specificity of 44 per cent. squeeze pressure”. The appearances of EAS atrophy 
The IAS thickness on endosonography was less than described are in keeping with previous reports 
2 mm inall eight women with features of advanced atrophy Furthermore, in women in whom no electromyography 
on MRI, compared with four of eight in the intermediate activity was recorded from one side of the sphincter, MRI 
group and five of nine in the normal group. The positive independently showed EAS atrophy on the side « 
predictive value of a thin IAS on endosonography for Denervation may also be assessed using transar 
predicting an abnormal grade on MRI (either intermediate stimulation to measure conduction in the terminal portion 
or advanced) was 75 per cent, with a negative predictive of the pudendal nerve”. Prolongation of pudení 
value of +4 per cent (sensitivity 71 per cent, specificity 50 per terminal motor latency is associated with idiopatl 
cent). Combining both endosonographic criteria, i.e. the incontinence, rectal prolapse, solitary rectal 
presence of a thin IAS and/or a poorly defined EAS, gave a drome, severe constipation and sphincter def 
positive predictive value of 74 per cent, with a negative However, prolongation of the pudendal nervi 
predictive value of 67 per cent, sensitivity of 88 per cent and motor latency may reflect damage to only the large, heavil 
specificity of 44 per cent. myelinated nerve fibres**, and it may be normal es é 
presence of EAS atrophy’***. The measuremet 
s r pudendal nerve conduction does not assess the innervation 
Discussion 
to the puborectalis, and it is impossible to record cor 
An MRI endocoil classification of the EAS into normal, tion latency on one side in up to 28 per cent of cases”, For 
intermediate and advanced atrophy has been validated. The these reasons only single-fibre EMG, which is accepted 
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the ‘gold standard’ for anal sphincter denervation, was 
performed in this study. 

Assessment of EAS quality before surgery is desirable as it 
may predict outcome'?3”, Squeeze pressure is not mean- 
ingful when the sphincter is torn, and EAS quality needs 
direct assessment by EMG or muscle biopsy”, although 
both are liable to sampling error’®. It may be difficult to 
obtain electromyographic recordings from an atrophic 
sphincter”, which may explain a lack of correlation between 
fibre density and squeeze pressure®®. In this study an 
inability to record potentials from the EAS was associated 
with EAS atrophy on MRI. In particular there were several 
women in whom the electromyographic potentials were 
recorded on one side only and MRI demonstrated unilateral 
EAS atrophy (Fig. 5), confirming the advantage that 
imaging has for assessing the entire anal sphincter. 

The problem with using endosonography to assess EAS 
atrophy is that the outer border of the EAS is frequently 
poorly defined. Compared with MRI the differentiation 
between striated muscle and perirectal fat is much less 
precise. The slice thickness is also different: less than 1 mm 
on endosonography compared with 3 mm on MRI. A slight 
loss of muscle bulk may therefore have a more pronounced 
effect on the endosonographic definition of the EAS. Loss 
of definition of the outer border of the EAS on endosono- 
graphy had a positive predictive value of 71 per cent for 
atrophy. Abnormal thinning of the JAS (less than 2 mm) has 
not been linked to striated muscle atrophy, but in the 
original study denervation was excluded only by normal 
pudendal nerve terminal motor latencies*®. Briel eta/.’? 
measured the entire sphincter, including the IAS. The IAS is 
very easy to measure accurately on endosonography, and 
thinning was shown to have a positive predictive value of 75 
per cent. This compares to a positive predictive value of 89 
per cent for a purely visual assessment of EAS atrophy on 
MRI using histological confirmation”. 

The diagnosis of an EAS tear is most likely to be made 
using endosonography. If this also shows a thin IAS and/or a 
poorly defined EAS, endocoil MRI should be considered to 
determine whether the sphincter is grossly atrophic, as this 
may imply an unfavourable outcome from sphincter repair. 
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Background: The aim of this study was to investigate the frequency of axillary metastasis in women 
with tubular carcinoma (TC) of the breast. 

Methods: Women who underwent axillary dissection for TC in the Western Sydney area (1984-1995) 
were identified retrospectively through a search of computerized records. A centralized pathology 
review was performed and tumours were classified as pure tubular (22) or mixed tubular (nine), on the 
basis of the invasive component containing 90 per cent or more, or 75-90 per cent tubule formation 
respectively. A Medline search of the literature was undertaken to compile a collective series (20 studies 
with a total of 680 patients) to address the frequency of nodal involvement in TC. A quantitative 
meta-analysis was used to combine the results of these studies. 

Results: The overall frequency of nodal metastasis was five of 31 (16 per cent); one of 22 pure tubular 
and four of nine mixed tumours (P = 0-019). None of the tumours with a diameter of 10 mm or less 
(n = 16) had nodal metastasis compared with five of 15 larger tumours (P = 0-018). The meta-analysis of 
680 women showed an overall frequency of nodal metastasis in TC of 13-8 (95 per cent confidence 
interval 9.3-18-3) per cent. The frequency of nodal involvement was 6-6 (1-7—-11-4) per cent in pure TC 
(n = 244) and 25.0 (12-5-37-6) per cent in mixed TC ( = 149). 

Conclusion: A case may be made for observing the clinically negative axilla in women with a small TC 
(10 mm or less in diameter). 
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Introduction 


Tubular carcinoma (TC) of the breast was described more 
than 130 years ago in the Manuel d’Histologie Pathologique’. 
Historically, TC has been regarded as rare, with a low 
incidence of axillary node metastasis’. More recently, 
however, owing to the mammographic detection of smaller 
breast lesions and the increased awareness of TC by 
pathologists, the prevalence has increased. In a series of 
107 patients with impalpable, mammographically detected 
lesions, the prevalence of TC was 27 per cent®. 

Despite the generally accepted view of infrequent nodal 
metastasis, considerable debate continues regarding the 
precise nodal frequency and the implications of routine 
axillary treatment for TC. The aims of this study were to 
investigate the incidence of axillary metastasis, based on a 
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centralized pathological review of TC treated in Western 
Sydney and an assessment of the published literature, and to 
make recommendations regarding routine axillary treat- 


ment. 


Patients and methods 


Between January 1984 and December 1995 at Westmead 
Hospital and between February 1993 and December 1995 
at BreastScreen Western, Parramatta, in the Western 
Sydney area of New South Wales, 56 women with TC of 
the breast were identified from computerized databases. 
Individual records were studied and the following details 
recorded: patient characteristics, methods of detection and 
diagnosis, patterns of treatment and axillary node status. 
The tumour was detected by mammographic screening in 
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approximately one-third of the women; the remainder were 
symptomatic. The initial diagnosis was made by excision 
biopsy in two-thirds of the women and by fine-needle 
aspiration or core biopsy in the rest. 


Locoregional treatment 


Although treatment varied according to the individual 
surgeon and radiation oncologist managing each patient, 
the majority of women (w = 44) had_breast-conserving 
surgery and axillary dissection followed by radiotherapy to 
the breast; five had conservative surgery only and seven had 
a total mastectomy. Treatment to the axilla included 
dissection (37 women), radiotherapy (12), and dissection 
and radiotherapy (one); six women had no axillary treat- 
ment. 


Histopathology 


TC was diagnosed by several different histopathologists 
during the study. Central histopathology review was 
undertaken of specimens from the 38 women who had 
axillary dissection, to determine the component of tubular 
formation as well as other tumour details. These included 
the presence of other invasive and non-invasive components 
such as ductal carcinoma in situ (DCIS), extensive intraduct 
component (EIC) and lymphatic or vascular invasion. EIC 
was designated to tumours containing 25 per cent or more 
in situ component within the invasive tumour as well as in 
situ component outside the tumour. Tumour size was 
measured off slide. 

‘Tumours were defined as pure tubular if the invasive 
component of the tumour had grade I features and 
contained 90 per cent or more tubule formation as part of 
the invasive component. Tumours were designated as 
mixed tubular if they contained 75 per or more but less 
than 90 per cent tubule formation. 

On the basis of central pathology review, 31 tumours 
were classified as either pure TC (22) or mixed TC (nine) 
and form the basis of this report. Comparisons between 
categories of TC were undertaken using the Fisher's exact 
test because of small numbers. 


Literature review 


A review of the literature was undertaken using Medline to 
identify all articles published in English between 1971 and 
1998 that dealt with TC and the frequency of nodal 
metastases (7 = 19). The reference lists of the identified 
papers were appraised to improve the coverage of the 
review. With the addition of the present series, 20 studies 
were available which yielded 26 groups for analysis 
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categorized as pure or mixed TC, or both. H the tubular 
component as a proportion was not given, pure tubular was 
assumed to be 90 per cent or more tubular component; 
mixed tubular was assumed to be 75 per cent or more but 
less than 90 per cent tubular component. If neither pure nor 
mixed tubular was stated, the case series was considered te 
contain both, with a tubular component of 75 per ¢ 
more. The exact binomial was used to compute the 95 per 
cent confidence intervals for the rate of node metastasis 
because of the small numbers of patients in many studies. A 
quantitative meta-analysis was used to combine frequency 
of nodal involvement in the studies. Fixed or random effects 
models were used as appropriate, and the method adapted to 
small numbers’. 








Results 


The median age for the whole group was 51 (range 2 
70) years; 20 women were either perimenopausal or 
postmenopausal (Table 1). The tumour characteristi 
frequency of node involvement are summarized in 7 i 
and 3. The median size of the pure TCs was 10 mm 
compared with 13 mm for mixed TCs. Eighteen of the 31 
women had associated DCIS, which was mostly classified as 
low grade. 

Five of 31 women had positive axillary nodes, one of 22 
with pure TC and four of nine with mixed TC (P = 0.019, 
Fisher’s exact test). Of the five women with nodal 
metastases, four had between one and three nodes involved 
(Table 2). Table 3 shows the relationship between patholo- 


















Table 1 Characteristics of 31 women with tubular carcinoma of 
the breast 
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Table 2 Clinical characteristics of 31 women with tubular 
carcinoma of the breast 
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*Missing data owing to incomplete pathology reports. DCIS, ductal 


carcinoma in situ; EIC, extensive intraduct component. +P = 0-019 
versus mixed tubular carcinoma (Fisher's exact test) 


Table 3 Axillary node involvement by pathological tumour size 
and tubular component 





“Fisher's exact test 


gical tumour size, tubular component and the frequency of 
positive axillary nodes. None of the 16 women with a 
tumour diameter of 10 mm or less had axillary metastases 
compared with five of 15 with larger tumours (P = 0-018, 
Fisher’s exact test). 

The frequency of nodal involvement reported in 20 
studies (including the present series) of TC published 
between 1972 and 1997, involving 680 patients, is 
summarized in Table 4. A wide range in the prevalence of 
nodal metastasis for patients with TC was reported. Much 
of this variation can be accounted for by the different 
histological criteria used to diagnose TC, as well as the 
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inherent problems of small sample sizes in some studies. 
From the meta-analysis, the frequency of nodal involve- 
ment was 6-6 (95 per cent confidence interval 1-7—11-4) per 
cent for pure tubular lesions and 25-0 (12-5-37-6) per cent 
for mixed tubular cancers (those with a tubular component 
of 75 per cent or more and less than 90 per cent). In all 
studies (a mixture of both pure and mixed tubular cases) the 
frequency of node involvement was 13-8 (9-3-18-3) per cent. 


Discussion 


This study investigated the characteristics of 31 women 
with pure tubular or mixed tubular breast cancer who had 
undergone axillary dissection. The frequency of node 
metastasis was low which confirms the findings of many 
other publications (Table 4). The incidence of node 
metastasis was one of 22 for pure TC and four of nine for 
mixed TC. This difference was statistically significant. Of 
the five women with nodal metastasis, four had between one 
and three involved nodes, suggesting that when axillary 
metastases occur relatively few nodes are involved. This 
observation was also made by Winchester et a/.”' and Deos 
and Norris'®. In the present study, the median size of mixed 
TC was larger (13 mm) than that of pure TC (10 mm), 
which is consistent with the results of other studies that have 
shown an increase in tumour size with a decrease in tubular 
proportion” !*!®?°, DCIS was present in 18 of 31 patients; 
low-grade DCIS was the most common, as reported 
previous}y1012131617.19.21,23, 

Pathological tumour size is accepted as an independent 
factor in determining the frequency of node involve- 
ment?*?°?", The influence of TC size on axillary metastasis 
has been reported poorly, although Winchester et a/.”', 
using logistic regression analysis, showed that tumour 
diameter significantly influenced the incidence of node 
positivity. The present study confirmed this finding; none 
of the tumours with a diameter of 10 mm or less had node 
metastases. A possible explanation is that the proportion of 
less well differentiated components increases with the 
diameter of the TC. This hypothesis is supported by 
Linell and Ljungberg’ and Peters et a/.!> who showed an 
increase both in tumour size and in frequency of node 
metastasis as the proportion of the tubular component in 
tumours decreased. In data presented from the Colorado 
tumour register by Leonard eta/.*! the findings differed. 
The overall rate of lymph node metastasis was lower in 209 
patients with TC than in patients with ductal and lobular 
carcinomas. Even in tumours greater than 2 cm, the rate of 
positive axillary nodes was only 12 per cent. It was found, 
however, that among the small TCs (less than 1-0 cm) the 
rate of axillary nodal metastasis was similar (7-12 per cent). 
Whether these carcinomas were pure or mixed tubular was 
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Table 4 Frequency of axillary node metastases in published studies of patients with tubular carcinoma 


Values in parentheses are 95 per cent confidence intervals. “The tubular component as a proportion was not stated so pure tubular was 
be 90 per cent or more tubular component, and mixed tubular was assumed to be 75 per cent or more and less than 90 per cent tubular co 











+Neither pure nor mixed tubular was stated so that the series was considered to contain both with a tubular component of 75 per cent or more 


Random effects model; §fixed effects model 


not stated and, as has been shown in previous studies, this is 
essential information. 

Based on the results of the present study and the meta- 
analysis, a strong case can be made for observing the 
undissected axilla of women with pure TC of 10 mm or less 
in diameter, thus avoiding the potential morbidity and the 
costs associated with either surgery or radiotherapy to the 
axilla. Axillary dissection is associated with a 10 per cent 
incidence of minor complications, including shoulder 
dysfunction, breast oedema, arm oedema, wound infection 
and seroma formation**. Similarly, irradiation of the axilla 
carries an equivalent risk of arm oedema. The decision 
whether or not to dissect or irradiate the clinically negative 
axilla is likely to become increasingly challenging as smaller 
breast lesions are detected mammographically. Owing to 
the commonly performed practice of day-case hookwire 
localization lumpectomy for impalpable, screen-detected 
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tumours, and the evolving practice of large-core diagnostic 
removal of small tumours, clinicians will increasingly have 
to decide on further management of patients with a 
diagnosis of TC. For patients with a preoperative core 
biopsy diagnosis of TC, a one-stage wide local excision 
could be considered with observation of the axilla or 
alternatively a sentinel node procedure”. 

In conclusion, the risk of axillary involvement in women 
with pure tubular breast cancer is low (one of 22 in the 
present study), similar to that reported by other institutions. 
Based on this very low incidence, and the absence of nodal 
involvement in TCs of 10 mm or less, axillary observation 
is an acceptable therapeutic option in women with a 
clinically negative axilla and a small pure TC (10 mm or 
less). However, the diagnosis must be made using the strict 
histological criterion of more than 90 per cent tubule 
formation. 
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Background: The association between malignant midgut carcinoid tumours and right-sided cardiac 
lesions is well known, but the pathogenetic link between tumour secretion and valvular disease is still 
obscure. The purpose of this investigation was to describe the morphological and functional changes of 
valvular heart disease in a large patient series and to correlate these findings with hormonal secretion 
and prognosis. 

Methods: Of 64 consecutive patients with the midgut carcinoid syndrome followed between 1985 and 
1998, valvular heart disease was evaluated in 52 patients by two-dimensional echocardiography, Doppler 
estimation of valvular regurgitation and flow profiles. A majority was also evaluated with exercise 
electrocardiography and spirometry. 

Results: Structural and functional abnormalities of the tricuspid valve were found in 65 percent of 
patients, while only 19 per cent had pulmonary valve regurgitation. Long-term survival was related to 
excessive urinary excretion of 5-hydroxyindole acetic acid of over 500 pmol in 24h, but the main 
predictor of prognosis was the presence of severe structural and functional abnormalities of the 
tricuspid valve. Although advanced tricuspid abnormalities were prevalent in this series, only one 
patient died from right ventricular heart failure. 

Conclusion: Tricuspid valvular disease is a common manifestation of the midgut carcinoid syndrome 
and advanced changes are associated with poor long-term survival. Active surgical and medical therapy 
of the tumour disease reduced the hormonal secretion and, combined with cardiological surveillance, 


made right ventricular heart failure a rare cause of death in these patients. 
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Introduction 


The association between cardiac valvular lesions and the 
midgut carcinoid tumour was independently reported by 
three groups in the 1950s'?. Endocardial plaques of the 
cavities and the valves of the right ventricle were first 
ascribed to excessive secretion of serotonin (5-hydroxy- 
tryptamine; 5-HT) from liver metastases. The character- 
istic cardiac lesions seem to occur in more than half of 
patients with carcinoid syndrome*”’. A relatively small 
number of patients with left-sided cardiac lesions has been 
reported, mostly with combined patent foramen ovale or 
carcinoid lung tumours®?°. 

In the present reporta large series of consecutive patients 
with the carcinoid syndrome observed over a prolonged 
period (1985-1998) is described in relation to clinical and 
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echocardiographic characteristics at the time of first 
presentation. Fourteen patients were treated with poten- 
tially curative liver resection. Fifty patients were treated 
with octreotide for symptom palliation after resection of the 
primary tumour and regional metastases. Forty of these 
patients also underwent ischaemic therapy of liver metas- 
tases!!. During the observation period 40 patients died, 
which allowed study of carcinoid heart disease in relation to 
5-HT secretion, survival and cardiac morbidity. 


Patients and methods 
Study group 


Over 10 years (1985-1994), 64 consecutive patients 
(mean(s.e.m.) age 61(4) (range 32-79) years; 35 women 


Bntish Journal of Surgery 2001, 88, 865-872 865 


866 Echocardiographic prediction of carcinoid prognosis + G. Westberg, B. Wangberg, H. Ahlman er al. 


and 29 men) with midgut carcinoid syndrome were 
operated on (mean(s.e.m.) follow-up 85(8) months). 
During the first 2 years 12 patients were evaluated by 
cardiological examination only; thereafter echocardio- 
graphy was performed in all patients before operation, so 
52 patients in the study had non-invasive preoperative 
cardiac investigation. No patient had received chemother- 
apy before referral. The mean urinary 5-hydroxyindole 
acetic acid (5-HIAA) levels were raised more than tenfold at 
referral (mean(s.e.m.) 581(79) umol per 24 h; reference 
level less than 50 umol per 24 h). 

Fourteen patients were treated with potentially curative 
liver resection after resection of the primary tumour, which 
resulted in a prolonged period of complete tumour 
remission without any medication. In this group, three 
patients have died (none from tumour-related disease) and 
the survivors have been followed for a mean(s.e.m.) of 
128(10) months. Fifty patients had bilobar hepatic meta- 
static disease. After resection of the primary tumour and 
locoregional metastases, 40 of these patients underwent 
successive embolization of each hepatic artery 4—6 weeks 
apart. This was followed by octreotide treatment (median 
dose 200 ug). Repeat embolization was performed if there 
was objective evidence of tumour progression combined 
with symptoms and 5-HIAA levels were raised at least 
twofold. The follow-up programme included biochemical 
evaluation of tumour markers every 3 months, abdominal 
computed tomography every 6 months, and annual echo- 
cardiography and cardiological examination’. Twenty- 
seven of these 40 patients have died and surviving patients 
have been followed for a mean(s.e.m.) of 1149) months. 
Ten patients were excluded from embolization therapy after 
primary surgery owing to other malignant diseases, poor 
general condition, liver cirrhosis, psychiatric disorder or 
reluctance to undergo further interventional therapy. The 
latter group of patients was treated medically with octreo- 
tide and all died during follow-up at a mean(s.e.m.) of 
64(11) months''. In one patient with combined rheumatic 
and carcinoid valvular heart disease, tricuspid valve 
replacement with a mechanical prosthesis was performed. 


Echocardiography 


Two-dimensional echocardiography was performed before 
operation by means of an Acuson-128 XP echoscanner 
equipped with a 2-MHz transducer (Acuson Computed 
Sonography, Mountain View, California, USA). Patients 
were investigated in the left lateral position with optimal 
apical access through a mattress cut-out. Standard views, i.e. 
parasternal long- and short-axis, apical four-chamber, long- 
axis and two-chamber views, were obtained. In addition, a 
parasternal long-axis view of the right atrium and ventricle 
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with optimal visualization of the tricuspid valve was 
obtained. The various views were recorded on to video 
tape. Right ventricular dimension was measured as the 
anteroposterior diameter in M-mode recording of the right 
and left ventricle. The latter was used for calculation of the 
ejection fraction by the cube formula. Structural abnorm- 
alities of the tricuspid valves (TSA) or pulmonary valves 
were graded (grade 0-4) depending on the severity of 
morphological changes (TSA grades: 0, no abnormality; 1, 
mild thickening or echo density; 2, moderate thickening; 3, 
severe thickening or moderate thickening combined with 
retraction; 4, severe thickening and retraction). The degree 
of tricuspid regurgitation (TR) was estimated by means of 
colour Doppler sonography (Fig. 1a) and continuous wave 
Doppler imaging as described previously’* (Fig. 1b) (TR 
grades: 0, no abnormality; 0-5, transient not holosystolic 
regurgitation; 1, mild holosystolic regurgitation; 2, mod- 
erate; 3, severe; 4, extreme regurgitation). Pulmonary 
regurgitation (diastolic) was graded in a similar way. An 
index (TSA + TR) to describe the abnormalities of the 
tricuspid valve was derived by summation of these scores in 
the 52 patients. The diastolic function of the right ventricle 
was estimated as the atrial contraction to early peak filling 
(A/E) ratio of the diastolic Doppler flow. All echocardio- 
graphic evaluations were performed by one examiner 
(K.C.). TSA + TR scores of | or more were regarded as 
pathological. 


Further cardiopulmonary tests 


Exercise electrocardiography (ECG) was performed with a 
customized computerized system, giving reliable estima- 
tion of ST deviations in relation to time and heart rate as 
validated by Angelhed et a/.'*. Pulmonary function was 
assessed by spirometry. ECG at rest and clinical cardiac 
examination, including functional classification according 
to the New York Heart Association, were performed by one 
examiner (C.H.B.). 


Statistical analysis 


Data are expressed as mean(s.e.m.) unless otherwise stated. 
Survival data were calculated according to the Kaplan- 
Meier method. Comparisons were made with regard to 
excessive 5-HT secretion (urinary 5-HIAA levels in excess 
of 500 umol per 24 h or not), and structural and functional 
abnormalities of the tricuspid valve (TSA + TR). In analysis 
of the risk ratio for death, univariate and stepwise regression 
tests were performed for age, sex, urinary excretion of 5- 
HIAA, systolic arterial blood pressure, left ventricular 
ejection fraction, TSA, TR, and TSA + TR. Student’s ¢ test 
was used in comparisons between groups. Repeated 
comparisons between groups were performed with analysis 
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Fig. 1 a Echocardiographic four-chamber view of the heart. 
Regurgitation of blood through the tricuspid orifice is shown by 
means of colour Doppler ultrasonography. RV, right ventricle; 
RA, right atrium; LV, left ventricle; LA, left atrium. 

b Continuous wave Doppler recording of flow through the 
tricuspid valve, illustrating the diastolic early flow (E) and that 
resulting from atrial contraction (A). Tricuspid regurgitation 
(TR) during systole has in this case a maximum flow velocity of 
the order of 3 m/s, which corresponds to a pressure gradient of 


36 mmHg between the right atrium and ventricle 


of variance, and Fisher’s exact test was used to compare 
proportions between groups. P < 0-05 was regarded as 


statistically significant. 
Results 
Clinical characteristics 


The mean observation time was 119(7) months in surviving 


patients and 63(11) months in those who died. The mean 
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Table 1 Clinical and cardiological characteristics of patients with the carcinoid syndrome 
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tvalues in parentheses are percentages. NYHA, New York Heart Association, 5-~HIAA, 5-hydroxyindole acetic acid; ECG, 


electrocardiogram; TSA + TR, tricuspid structural abnormalities + regurgitation. ¿P < 0-05 (Fisher’s exact test), §P < 0-05 (analysis of variance) 


Survival analysis 


Forty of 64 patients died during follow-up. Twenty-four 
patients died from progressive tumour disease, nine from 
cardiovascular disease (five cardiac deaths) and seven from 
unrelated diseases. The patient who had valvular replace- 
ment died from cardiovascular disease after 2 years 
(deficient anticoagulant therapy). Despite the high pre- 
valence of severe tricuspid valvular disease, only one patient 
died from right ventricular heart failure. Survival was 
analysed in patients without significant tricuspid disease 
(TSA + TR below 1) and in patients with increasing 
severity of disease (Fig. 2a). When the TSA + TR score 
was 4 or greater, there was a marked effect on long-term 
survival, with a 5-year survival rate of 30 per cent compared 
with 75 per cent in patients with a normal score (TSA + TR 
less than 1). There were no significant differences in 
survival between patients with normal valves and patients 
with slight or moderate valvular disease. Patients with 
5-HIAA excretion in excess of 500 umol per 24 h had 
significantly shorter survival than those who excreted less 
than 500 umol per 24 h (P < 0-05) (Fig. 26). 
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The influence of eight variables on survival was 
investigated by univariate analysis (Table 3), Only older 
age at diagnosis, raised TSA + TR, and TR alone were 
shown significantly to increase the relative risk of death. 
Increased 5-HIAA excretion did not reach statistical 
significance (P = 0-056) with a risk ratio of 1-39 (95 per 
cent confidence interval 0)-99-1-95). In the stepwise regres- 
sion test only older age at diagnosis (P = 0-021) and TR 
(P < 0-001) were shown to be independent risk factors for 
death (Table 3). The risk ratio for each grade (0—4) of TR 
was 2-55, which indicates a more than tenfold increased risk 
of death for patients with TR grade 4 compared with those 
who have TR grade 0. 


Discussion 


In this series of patients with midgut carcinoid 
syndrome a high incidence of tricuspid abnormalities 
was seen at referral. The diagnosis of carcinoid heart 
disease requires two-dimensional echocardiographic and 
Doppler examinations to assess the severity of valvular 
stenosis and regurgitation. In general, ECG and chest 
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Table 2 Clinical and cardiological characteristics related to the severity of tricuspid abnormalities 


Po eee 
(n= 20) 


a 
unos o 
1402) 


1336) 


3 


5se(163) a 


ioe 3) 


aa 





*Values are mean(s.e.m.). NYHA, New York Heart Association; 5 5-HIAA, $-hydroxyindole acetic acid; ECG, electrocardiogram: TSA + TR, tricuspid 
structural abnormalities + regurgitation. +P < 0-05 (Fisher’s exact test), $P < 0-001 (analysis of variance) 


radiography are non-specific in the early course of the 
disease. 

The combination of superficial and right ventricular 
cardiac lesions suggests a bloodborne tumour product, 
released from liver metastases, as a causative agent. 5-HT, 
with its potent fibroblast-proliferative action, was one of the 
first candidate agents proposed. Waldenström and 
Ljungberg'* suggested an interaction between 5-HT, 
platelets and the endothelium leading to changed perme- 
ability and valvulitis. The 5-HT hypothesis also has support 
from the high incidence of myocardial fibrosis associated 
with diets rich in 5-HT" and from the observation of 
fibroblast proliferation of retroperitoneum and endocar- 
dium after administration of certain drugs with 5-HT 
receptor activity, e.g. ergot alkaloids’. Appetite-suppressant 
drugs such as fenfluramine'®!’, which release 5-HT and 
inhibit its reuptake'*, have been shown to induce valvular 
deformities. In a guinea-pig model pronounced endocardial 
proliferation was elicited by a combination of 5-HT excess, 
impaired liver function and tryptophan deficiency, a 
situation mimicking the carcinoid syndrome!” 
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In some studies no relation between the severity of 
cardiac disease, extent or duration of tumour disease was 
seen’’. Since carcinoid tumours may produce several 
fibroblast-proliferative agents besides 5-HT, e.g. tachyki- 
nins and transforming growth factor B the pathogenetic 
5-HT mechanism has been questioned”! ™ 
series patients with excessive urinary excretion of 





In they present 

5-HIAA 
had a reduced survival on Kaplan-Meier analysis but 5- 
HIAA levels were not shown to be an independent risk 
factor in multivariate analysis, in contrast to increased age 
or severe TR. Even though the majority of deaths observed 
were due to tumour progression, severe TR was strongly 
correlated with poor survival indicating that the valves are 
targets reflecting several aspects of the tumour disease, i.e. 
duration, tumour burden and secretory activity. In a recent 
study of 23 patients with the carcinoid syndrome™* only 
post-treatment 5-HIAA levels independently predicted the 
development of valvular heart disease. Some early series 
failed to show an impact of 5-HIAA levels?” but in more 
recent studies raised 5-HTAA levels were clearly related to 
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cardiac disease*’. Himelman and Schiller ® found a four- 


www.bjs.co.uk British Journal of Surgery “001, 88, 865-87? 


870 Echocardiographic prediction of carcinoid prognosis + G. Westberg, B. Wangberg, H. Ahlman et al. 














No disease 
10 pm e.e Mild 
~ Moderate 
og ho o = EL- Severe 
06 H Vases 
3 L- 
z 
3 
A 04 H 
02 fF 
be oh a I Ye 
0 20 40 60 80 100 120 
Time (months) 
No. at risk 
No disease 12 11 9 9 8 6 3 
Mild disease 20 18 15 14 10 9 7 
Moderate disease 10 9 8 7 6 5 4 
Severe disease 10 8 6 3 3 0 0 
Total 52 46 38 33 27 20 14 


a Disease severity 





5-HIAA < 500 umol per 24 h 
= = = = 5-HIAA > 500 umol per 24 h 











0-8 
Ẹ 0-6 ae 
2 —_ o ma 
i 
@® 04 - oo 
0-2 
L ale i | wi af 
0 20 40 60 80 100 120 
Time (months) 
No. at risk 
Low 5-HIAA 31 28 24 22 20 17 1 
High 5-HIAA 19 16 13 10 7 3 3 
Total 50 44 37 32 27 20 14 
D 5-HIAA level 


Fig. 2 a Survival after diagnosis of patients with or without 
tricuspid valvular changes, according to disease severity. b 
Survival of patients according to urinary 5-hydroxyindole acetic 
acid (5-HIAA) level at referral (above or below 500 umol per 
24h) 


fold increase in patients with cardiac disease and proposed a 
threshold effect of the 5-HT load (5-HIAA levels exceeding 
400 umol per 24h) for development of valvular heart 
disease. A strong correlation between high circulating 5- 
HT levels and carcinoid heart disease has been demon- 
strated in 19 patients by cardiac catheterization and 
echocardiography, suggesting a major role of 5-HT in the 
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Table 3 Univariate analysis of death risk and stepwise identifica- 
tion of predictors of death in 52 patients with carcinoid 
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Values in parentheses are 95 per cent confidence intervals. “Tricuspid 
structural abnormalities + regurgitation; 5-HIAA, 5-hydroxyindole 
acetic acid 


pathogenesis of heart disease”’. The high sensitivity and low 
specificity of raised serum 5-HT levels as a marker for 
cardiac disease suggest that 5-HT is a necessary, but not the 
only responsible, agent. Additive factors could be the 
duration of 5-HT load, genetic disposition or cosecreted 
humoral agents. 

Interventional and medical treatment of patients with the 
carcinoid syndrome aims to reduce disabling hormonal 
symptoms, but also to retard development of carcinoid 
cardiac disease. Patients who underwent curative liver 
resection or had ischaemic treatment of bilobar liver disease 
had prolonged reduction of 5-HIAA excretion’! with a 5- 
year survival rate of 69 per cent when tumour-related deaths 
were studied and ten medically treated patients with poor 
prognosis included, but an overall 5-year survival rate of 58 
per cent. Patients with a high TSA + TR score (4 or more) 
at referral had markedly reduced long-term survival, usually 
due to tumour progression and seldom to cardiac disease. 
This may reflect a beneficial effect of active tumour 
treatment on progressive carcinoid heart disease in the 
present series. Two reports have previously indicated a 
survival disadvantage of valvular disease in the carcinoid 
syndrome. Himelman and Schiller” reported that the 
survival after echocardiography at referral was shorter for 
patients with cardiac disease than for those without (1-9 
versus 3-8 years). In the large series by Pellikka et ai.’ the 5- 
year survival rate for patients with cardiac involvement was 
similarly low (20 versus 50 per cent). In the present series the 
corresponding figures were 30 versus 75 per cent. Robiolio 
etal?” found no survival differences between patients with 
or without carcinoid heart disease. 

Although separately developed and using one additional 
grade for scoring (0 for normal), the scoring system in this 
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study for valvular abnormalities and regurgitation is similar 
to that described by Denney et al.”*. The relative absence of 
pulmonary stenosis in the present study might be due to 
inadequate visualization of the pulmonary valves. Pellikka 
etal.’ reported pulmonary stenosis in about half of their 
patients, in whom Doppler examination was also per- 
formed, and pulmonary regurgitation in 80 per cent. 

The indications and proper timing of valve replacement 
in these seriously ill patients have been debated. 
Bioprostheses might offer an advantage with a minor risk 
of thrombosis even though progressive deterioration of new 
valves has been reported”®. In a study from the Mayo Clinic 
26 patients with symptomatic carcinoid heart disease 
received valvular replacement (20 mechanical and six 
bioprosthetic) for severe tricuspid regurgitation’®. During 
the perioperative period, one-third died from postoperative 
bleeding and right heart failure. On the other hand, the 
survivors had substantially improved function and long- 
term survival. ‘The prognosis after valve replacement was 
particularly favourable for patients with a relatively low 
level of 5-HIAA excretion. In a recent review, the mortality 
rate within 30 days of valvular surgery was 56 per cent for 
elderly patients (above 60 years) versus zero for younger 
patients’. Considering the high mean age of patients with 
midgut carcinoid syndrome in most series, a careful 
selection of patients for valve replacement is necessary. A 
close collaboration with expert cardiologists may reduce, or 
retard, the need for valve replacement. Active treatment of 
the tumour disease can give long-term reduction of tumour 
secretion, but its influence on progressive valvular disease is 
largely unknown. In individual patients with relatively 
stable tumour disease rapid progression of valvular defor- 
mities has been observed*!, which necessitates echocardio- 
graphy and clinical observation at regular intervals for all 
patients with the carcinoid syndrome. 
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Background: Although there is a low mortality rate after gastrectomy in Japan, most studies include 
many early gastric cancers. There have been few studies on the morbidity after gastrectomy for 
advanced gastric cancer. The aim of this study was to clarify the characteristics and risk factors for 
postoperative complications after resection of large gastric cancers based on three clinical factors: 
patient, operation and tumour. 

Methods: A retrospective study was carried out on 97 patients with a gastric tumour measuring 10 cm 
or more in diameter. Postoperative complications were recorded and the patients were divided into two 
groups: 38 with complications and 59 without. Patient, operative and tumour findings were compared 
between the two groups. 

Results: Overall morbidity and mortality rates were 39 and 7 per cent respectively. The most frequent 
complication was pleural effusion (17 per cent), followed by anastomotic leakage (14 per cent), 
abdominal abscess (12 per cent), wound infection (12 per cent), pancreatic leakage (8 per cent) and 
peritonitis (6 per cent). Risk factors associated with postoperative complications were operating time 
(400 versus 337 min, P < 0-01), blood loss (1338 versus 782 ml, P < 0-01), pancreatic invasion (26 versus 8 
per cent, P < 0-05) and raised serum carcinoembryonic antigen (CEA) level (5 ng/ml or greater) (36 
versus 17 per cent, P < 0-05), independent of patient age, nutritional status, type of gastrectomy, 
splenectomy or pancreatectomy, extent of lymph node dissection, tumour location, size and stage of 
disease. 

Conclusion: Even in Japan, the morbidity of gastrectomy for large gastric cancer is high and associated 


with operating time, blood loss, pancreatic invasion and serum CEA level. 
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Introduction 


Controversy still surrounds the issue of whether aggressive 
operative treatment improves the survival of patients with 
gastric cancer’ *. Gastric surgeons in Japan have performed 
radical gastrectomy and extended lymph node dissection 
with mortality rates of less than 1 per cent. However, 
several clinical trials in Europe have shown high morbidity 
and mortality rates with no survival benefit after radical 
surgery for gastric cancer’. The difference in morbidity 
and mortality between Japanese and Western countries is 
thought to be due to patient age, the presence or absence of 
cardiopulmonary disease, different physical characteristics, 
and differences in the management of complications®’. 
Splenectomy and distal pancreatectomy associated with 
extended lymph node dissection (D2, D3) are the factors that 
have most effect on morbidity and mortality following 


® 2001 Blackwell Science Ltd 


British Journal of Surgery 2001, 88, 873-877 


gastrectomy for cancer!™!?, Although low morbidity and 
mortality rates after radical gastrectomy have been reported 
by a number of Japanese authors®!?, these studies include 
many fit patients with early stage tumours. There have been 
few comprehensive studies on morbidity and mortality after 
gastrectomy for advanced gastric cancer in Japan, and the 
characteristics and risk factors for postoperative complica- 
tions are still unclear’*. 

Recently, the authors examined morbidity after D, and 
D; gastrectomy in patients with node-positive gastric 
cancer and clarified that postoperative complications 
occurred frequently (36 per cent) and were associated with 
total gastrectomy, splenectomy, long operating tme and 
blood transfusion’’. In the present study, large gastric 
cancer was defined as a tumour measuring 10 cm or more in 
diameter’®, and characteristics and risk factors for compli- 
cations after resection of large gastric cancer were 
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investigated for three groups of clinical factors, namely 
those related to the patient, the operation and the tumour. 


Patients and methods 


A retrospective study was carried out on a consecutive series 
of 97 patients with histologically diagnosed adenocarci- 
noma of the stomach measuring 10 cm or more in size. All 
patients underwent primary gastrectomy. 

The patients’ age and sex, symptoms, type of gastrect- 
omy, presence or absence of splenic or pancreatic resection, 
extent of lymph node dissection, operating time, blood loss 
and transfusion requirements were obtained from the 
operative records and medical notes. Details of the location, 
size, gross type and histological type of the tumour, depth of 
wall invasion, level of lymph node metastasis, pancreatic 
invasion, liver metastasis, peritoneal dissemination, stage of 
disease and operative curability were obtained from the 
pathology reports. These findings were assessed according 
to the Japanese classification of gastric carcinoma outlined 
by the Japanese Gastric Cancer Association”. 

Preoperative blood results were obtained trom the notes. 
These included haemoglobin level, lymphocyte count, total 
protein, albumin and cholesterol levels, carcinoembryonic 
antigen (CEA) level and C-reactive protein (CRP) con- 
centration. The prognostic nutritional index (PNI) was 
calculated as: PNI = (albumin level X 10) + (lymphocyte 
count X 0.005). 

Postoperative complications were recorded. Anasto- 
motic leakage and abdominal abscess were confirmed by 
radiological examination, and pancreatic leakage was 
diagnosed by a high concentration of amylase in the 
discharge. Operative death was defined as a hospital death 
within 30 days of operation, and mortality included all 
hospital deaths. 

Differences were analysed with the x° test for categoric 
variables and the r test for continuous variables. P < 0-05 was 
considered statistically significant. 


Results 


This patient group consisted of 42 patients with stage IV 
tumour, 40 with stage HI, nine with stage II and six with 
stage I. Most patients (95 per cent) had tumours involving 
the subserosa, serosa or adjacent organs. There were seven 
hospital deaths including two operative deaths (2 per cent). 
Six patients died from sepsis or multiple organ failure 
following anastomotic leakage, abdominal abscess and 
peritonitis. Four of the six patients underwent reoperation 
including abdominal lavage and drainage. The overall 
morbidity and mortality rates were 39 per cent (38 patients) 
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and 7 per cent respectively; and 11 reoperations were 
performed in eight patients (8 per cent). 

The most frequent complication was pleural effusion (17 
per cent), followed by anastomotic leakage (14 per cent), 
abdominal abscess (12 per cent), wound infection (12 per 
cent), pancreatic leakage (8 per cent) and peritonitis (6 per 
cent). Perforation of the transverse colon in two patients was 
associated with ischaemic necrosis after extended resection 
of the mesocolon. Liver failure in two patients occurred 
after anastomotic leakage and abdominal abscess, peri- 
tonitis or sepsis. Some complications needed reoperation: 
four of 14 patients with anastomotic leakage, two of 12 with 
abdominal abscess or peritonitis, one of three with intestinal 
perforation, and one of one with intestinal obstruction. 

There was no significant difference between patients with 
and without complications with respect to age (62-7 versus 
62-9 years), male sex (66 versus 59 per cent), epigastric pain 
(34 versus 41 per cent), haemoglobin level (10-8 versus 
11-1 g/dl), lymphocyte count (1640 versus 1496 per mm’), 
total protein concentration (5-7 versus 5-9 g/dl), albumin 
level (3-4 versus 3-5 g/dl), cholesterol concentration (152 
versus 160 mg/dh, PNI (41-9 versus 42-4) and raised CRP 
level (52 versus 41 per cent). 

Table 1 shows the operative data. Operating time was 
significantly longer and blood loss significantly greater in 
patients with complications than in those without. In both 
groups, mest patients received blood transfusions and the 
frequency of total gastrectomy, extended lymph node 
dissection (D3) and operation performed in the 1980s was 
not significantly different. 

When tumour data were examined, pancreatic invasion 
(26 versus 8 per cent, P < 0-05) and serum CEA level of 5 ng/ 
ml or greater (36 versus 17 per cent, P < 0-05) were observed 
more often in patients with complications than in those 
without. However, there was no significant difference 
between patients with complications and those without 
with regard to tumour location (upper third), size, 
Borrmann type, histological differentiation, T; invasion, 
extended lymph node metastasis (n2, n3), the presence of 
liver metastasis, peritoneal dissemination, stage IV disease 
and non-curative resection. 


Discussion 


In this study, morbidity and mortality rates after gastrect- 
omy for large gastric cancer were high (39 and 7 per cent 
respectively), and common complications were pleural 
effusion, anastomotic leakage, abdominal abscess, wound 
infection and pancreatic leakage. Although most complica- 
tions were managed successfully without operation, some 
patients (8 per cent) needed reoperation. Previous studies 
have indicated that these complications are characteristic 
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Table 1 Operative factors 





Values in parentheses are percentages unless otherwise indicated. 
*P < 0-01 versus complications (z test); +P < 0-01 verses complications 
GC? test) 


for patients undergoing total gastrectomy with splenectomy 
and pancreatectomy'*!*'®!°, These procedures require 
opening and removal of the pancreatic capsule, and damage 
the parenchyma and small ducts of the pancreas”. As six of 
seven hospital deaths in the present series were directly 
associated with anastomotic leakage complicating abdom- 
inal abscess or peritonitis, early diagnosis and proper 
management is essential when anastomotic leakage is 
suspected. 

There are few comprehensive studies evaluating the risk 
factors for complications after gastrectomy for cancer'*". 
This study divided the clinical parameters into patient-, 
operation- and tumour-related factors, and identified that 
factors associated with the presence or absence of post- 
operative complications were the duration of operation, 
volume of blood loss, presence of pancreatic invasion and 
raised serum CEA level. Previous studies have also indicated 
that duration of operation and volume of blood loss are 
associated with the morbidity after gastrectomy’. Volume 
of blood transfusion may adversely affect the survival of 
patients after gastrectomy for cancer’*!; therefore, blood 
loss and transfusion should be minimized by careful 
operative technique. 
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Recent reports demonstrate that morbicity and mortality 
after gastrectomy vary between authors, countries and 


procedures??? + s Morbidity rates range 13 to 46 | per 


22-. 





per cent after D, gastrectomy and from 0 to 7 per cent after 
D; gastrectomy’ 12,15,22-29 Patient characteristics and 
definitions of morbidity and moal vary between reports. 
The present study included only patients with large gastric 
cancers measuring 10 cm or more; postoperative complica- 
tions included every trivial event; and mortality was 
expressed as all hospital deaths. Accordingly the morbidity 
and mortality rates were rather high (3° 
respectively), and the incidence of postoperative complica- 
tions was not different between D> and D; dissections (47 
versus 43 per cent). The high morbidity rate found in this 
series is in accordance with a previous Ja 
patients with node-positive gastric cancer'’, and there was 
no hospital death in the most recent 10 years. 

English language reports (including Japanese series} of 
morbidity and mortality after gastrectomy with or without 
splenectomy®!0-!5:!8303? indicate that the 
gastrectomy with splenectomy is much | 
after gastrectomy alone. Many reports have 
splenectomy is linked to an increased morbidity rate. and 
there is no evidence that savanna, improves survi- 
val'®:!93?.33_ Splenectomy should not be performed unless 
the tumour directly invades the spleen or involves the 
splenic hilar lymph nodes. D> Heres without splenect- 
omy is recommended as a standard operation for advanced 
gastric cancer’*. 

It was noteworthy that the age and nutritional status of 
patients did not influence the frequency of complications in 
this study. Several studies have suggested that anaemia 
hypoproteinaemia and hypoalbuminaemia are asso 
with higher postoperative morbidity and mortality rates, 
and that serum albumin concentration is an independent 
parameter for adverse surgical outcome’ ". The present 
data suggest that operative factors influence the frequency 
of postoperative complications more strongly than patient 
factors when patients with large gastric cancers are treated 
by radical gastrectomy. 
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Background: Intussusception is a relatively common paediatric surgical emergency. The aim of this 
study was to investigate selected inflammatory mediators in children with acute intussusception and to 
identify potentially useful plasma markers of clinical outcome. 

Methods: Clinical, radiographic, operative and pathological details were recorded prospectively of all 
children presenting to a single institution with a confirmed diagnosis of acute intussusception during 
1 year. Paired acute and convalescent venous blood samples were collected in a standard manner for 
blinded analysis of the following: malondialdehyde, C-reactive protein (CRP), interleukin (IL) 6, 
neopterin, tumour necrosis factor a, endotoxin, and immunoglobulin (Ig) G and IgM antiendotoxin 
core antibody (EndoCAb). 

Results: Thirty-two consecutive children (23 boys, nine girls) with a median age of 4 months were 
studied. Acute ileocolic intussusception was managed by air enema reduction (# = 19), operative 
reduction (# = 8) or surgical resection (# = 5). Peripheral blood cultures were sterile. Acute levels of 
plasma IL-6, neopterin and CRP were significantly raised in comparison to both normal laboratory 
ranges and convalescent samples (P < 0-001). Using stepwise discriminant analysis, CRP was identified 
as the best variable at distinguishing between the three treatment groups (P < 0-001). IgM EndoCAb 
concentrations were significantly greater in the convalescent sera of all the patients (P < 0-001). 
Conclusion: Acute ileocolic intussusception in childhood is associated with endotoxinaemia and 
significantly raised levels of circulating inflammatory cytokines. Plasma CRP at diagnosis showed a 
statistically significant positive correlation with disease severity. 


Preliminary data presented to the American Paediatric Surgical Association 30th Annual Meeting, Rancho Mirage, 


Califorma, USA, May 1999 
Paper accepted 16 February 2001 


Introduction 


Intussusception is one of the commonest abdominal 
emergencies in childhood. The incidence of the condition 
in Western societies is approximately 2-3 per 1000 live 
births and almost two-thirds of cases occur in infancy’. 
Untreated acute ileocolic intussusception usually pro- 
gresses to intestinal strangulation, perforation, sepsis and 
fatal multiple organ failure. Even with appropriate treat- 
ment, some children with apparently uncomplicated 
intussusception become severely ill and develop multiple 
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organ failure’. The key inflammatory mediators involved in 
acute intussusception have not been studied systematically. 
In this study, plasma cytokines (interleukin (IL) 6 and 
tumour necrosis factor (TNF) a), free radicals (lipid 
peroxides) and endotoxin were investigated in children 
with intussusception, with the aim of achieving a better 
understanding of the disease process and in an attempt to 
identify potentially useful markers of disease outcome. 


Patients and methods 


The parents of all children presenting to a single institution 
during 1 year (1997-1998) with a confirmed diagnosis of 
intussusception were invited to participate in the study; 
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written informed parental consent was obtained in each 
case. Clinical, radiographic, operative and pathological 
details were recorded for each patient. In addition to routine 
haematological investigations, a further 5 ml of peripheral 
venous blood was collected in a standard manner for 
subsequent analysis (‘acute sample’). A second blood sample 
was obtained from each child after full recovery before 
discharge home and processed in an identical manner 
(‘convalescent sample’). Stool, midstream urine and peri- 
pheral blood cultures were also obtained from each patient. 

For the endotoxin assays, free-flowing blood samples 
were collected into tubes without additive using a no-touch 
technique, centrifuged at 626g for 10 min, and the serum 
stored at —75°C. For cytokine, malondialdehyde (MDA) 
and C-reactive protein (CRP) estimations, free-flowing 
venous blood was collected into ethylenediamine tetra- 
acetic acid Vacutainer™ tubes (Becton, Dickinson and 
Company, Plymouth, UK), centrifuged at 626g for 10 min, 
and the plasma was stored in aliquots at —75°C. 
Haemolysed samples were discarded. 

Assays were performed for MDA, CRP, IL-6, neopterin, 
TNF-a, endotoxin, immunoglobulin (Ig) G antiendotoxin 
core antibody (IgG EndoCAb) and IgM antiendotoxin core 
antibody (IgM EndoCAb) by independent investigators 
blinded to the clinical details of individual patients. Each 
laboratory was subject to strict quality control and all assays 
were undertaken using validated methods. Interassay and 
intra-assay coefficients of variation were below 10 per cent. 

This study was carried out after obtaining institutional 
ethics committee approval and in accordance with institu- 
tional ethical guidelines. 


Cytokine assays 


Plasma samples were assayed for circulating TNF-a, IL-6 
and neopterin in duplicate using commercially available 
enzyme-linked immunosorbent assays (EASIA assays; 
Medgenix Diagnostics, Fleurus, Belgium). 


Malondialdehyde assay 


MDA, a marker of lipid peroxidation, was assayed by high- 
performance liquid chromatography (HPLC) as described 
previously*. Boiling serum in acid solution containing 
thiobarbituric acid achieved simultaneous hydrolysis of 
lipid peroxide and reaction of the generated MDA. Excess 
production of MDA from non-lipid peroxide sources was 
inhibited by the addition of butylated hydroxytoluene. The 
reaction was stopped by immersing the tubes in iced water. 
The coloured product was then extracted with butanol/ 
ethyl acetate, evaporated to dryness, redissolved in the 
HPLC mobile phase and injected on to the HPLC column, 
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where ıt was separated by reverse-phase HPLC and 
measured at 532 nm. 


C-reactive protein assay 


Plasma levels of CRP were assayed in duplicate by an 
immunoturbidimetric method using commercially avail- 
able kits according to the manufacturer’s recommendations 
(Tina-quant CRP; Roche, Welwyn Garden City, UK). The 
normal plasma CRP concentration in children is below 
5 mg/l. 


Endotoxin assay 


Endotoxin was measured by the Chromogenix colorimetric 
kinetic limulus amebocyte lysate kitmethod (Chromogenix, 
New York, USA). Samples were diluted 1.10 in 
pyrogen-free water and heat treated at 85°C for 10 min. 
The kit endotoxin standard was diluted in 1 : 10 normal 
serum in pyrogen-free water (heat treated) and made 
up in a series of 12 doubling dilutions from 24 endotoxin 
units (EU)/ml for the quantitative standard curve. Time 
to onset of the reaction was measured at 405 nm optical 
density in a Thermomax reader (Molecular Devices, 
Woking, UK) and results determined in EU from the 
standard curve using SoftMax software (Molecular 
Devices)’. 


Endogenous antiendotoxin core antibody assays 


EndoCAbs were measured by methods described pre- 
viously”*. In brief, microplates were coated with equimolar 
amounts of polymyxin complexes of an Rc or Rd 
lipopolysaccharide from each of four Gram-negative 
species and blocked with bovine serum albumin. Dilutions 
of test sera (1 : 200) were added in triplicate, and eight 
doubling dilutions of a calibrated pooled serum standard 
with a high IgG EndoCAb titre were run on each plate as a 
quantitative standard curve. After incubation and washing, 
plates were developed with ¥-chain-specific (IgG) or p- 
chain specific (IgM) alkaline phosphatase conjugates 
(Zymed, San Francisco, California, USA), followed by 
para-nitro phenylphosphate alkaline phosphatase substrate 
(Sigma-Fast, Sigma, Poole, UK). Optical densities at 
405 nm were read on an automated plate reader 
(Molecular Devices) with SoftMax software. Results were 
determined in median units (100 median units = median of 
healthy adult IgG or IgM EndoCAb normal range). 


Statistical analysis 
Statistical comparisons between acute and convalescent 
values were made by using the Wilcoxon signed rank test for 
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paired non-parametric data. Comparison between sub- 
groups (non-operative; surgery, no resection; surgery and 
resection) was by the Kruskal-Wallis test. The data were 
normalized by natural logarithmic transformation primar- 
ily to enable discriminant analysis, which was used to 
determine which variable was best at distinguishing 
between the three subgroups. Statistical significance was 
accepted at P < 0.05. SPSS for Windows (Version 8; SPSS, 
Chicago, Illinois, USA) was used for the analysis. 


Results 


Clinical features 


Of 35 consecutive children with acute intussusception, 32 
(23 boys and nine girls) with a median age of 4 (range 2- 
19) months were recruited. Parents of two children 
declined to enrol their child in the study, and one child 
with a postoperative small bowel intussusception was not 
included. Symptoms and signs of intussusception were 
present for a median of 2 (range 1-8) days before referral 
and most commonly comprised abdominal pain (7 = 30), 
bilious vomiting (z = 26), bloody stools (# = 24) and a 
palpable abdominal mass (#7 = 20). Duration of symptoms 
was not significantly longer in infants who needed intestinal 
resection. Three children had experienced a recent sympto- 
matic upper respiratory tract infection or gastroenteritis. 
After initial assessment (including blood tests) and 
resuscitation with 4-5 per cent human albumin solution 
(median volume 20 (range 10-140) ml/kg), an ileocolic 
intussusception was confirmed in all children by abdominal 
ultrasonography. In each case, prophylactic intravenous 
broad-spectrum antibiotics and morphine analgesia were 


administered followed by an attempt at air enema reduc- 
tion. A successful non-operative reduction was achieved in 
19 children (19 of 27 reducible intussusceptions) using a 
median sustained pressure of 100 (range 60-120) mmHg. 
Thirteen children required laparotomy; five needed intest- 
inal resection for an irreducible intussusceptum. No 
intussusception had reduced spontaneously before lapar- 
otomy. Histological examination of resected specimens 
confirmed the presence of non-viable bowel with lymphoid 
hyperplasia in four and a gangrenous Meckel’s diverticulum 
in one patient. There were no deaths. All recovered 
uneventfully, except one girl who required four laparo- 
tomies, an extensive small bowel resection, parenteral 
nutrition and a temporary ileostomy. She subsequently 
made a full recovery. 


Laboratory data 


All peripheral blood cultures were sterile but two children 
had a concomitant urinary tract infection (enterococcus, 
coliform) and two had pathogens isolated from stool 
cultures (Campylobacter sp. and rotavirus). Routine haema- 
tological and biochemical results were within normal limits 
on admission, except for mild hypoalbuminaemia in six 
patients and a raised peripheral white blood cell count in 
three children. 

Acute levels of plasma IL-6 and neopterin were 
significantly raised in comparison to both normal labora- 
tory ranges and levels in convalescent samples (Table 1). 
TNF-a concentrations were raised in both acute and 
convalescent samples but there was no significant overall 
difference between these two samples. Statistically signifi- 
cant differences between acute samples in the operative and 


Table 1 Plasma values in 32 children with acute ileocolic intussusception 










(n= 8) 


‘Operative reduction 
24-0 (144-876) _ 
93 (32-583) 
2.77 (2:44-3:10) 
3-07 (2:37-3:58) 


44:1 (30.7-64-7) 
~ — 5T- (30-6-64-8) 


282 (249-316) 
1:42 (106-218) 









17.2 (93-4244) 
3.5 (24-281) 


1-84 (1:78-2:32) 


Values are median (interquartile range). IL, interleukin; MDA, malondialdehyde; TNF, tissue necrosis factor. Normal adult reference ranges; 
IL-6 < 8.5 pg/ml; MDA 2-4-6-1 mol/l; TNF-a <20 pg/ml; neopterin < 2-48 ng/ml. *P < 0-001 versus acute (Wilcoxon signed rank test) 
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Table 2 Plasma C-reactive protein concentrations in 32 children with acute ileocolic intussusception 


9.4 6-4-9.9)* 





Values are median (interquartile range), *P < 0-001 versus acute (Wilcoxon signed rank test). P < 0.001 between subgroups for acute samples 


(Kruskal-Wallis test) 


Table 3 Endotoxin and antiendotoxin core antibody levels in acute and convalescent samples from 32 children with acute 


intussusception 





Values are median (interquartile range). Ig, immunoglobulin; EndoCAb, antiendotoxin core antibody. * 


test) 


non-operative groups were observed for neopterin 
(P = 0-001) (Table 1). MDA concentrations were not 
significantly different in acute and convalescent samples 
and in patients undergoing intestinal resection. Plasma 
CRP concentrations were significantly raised in acute 
samples, both in comparison to levels in convalescent 
samples and to the normal laboratory reference range (less 
than 5 mg/l) (Table 2). Statistically significant differences 
between the acute samples were observed for plasma CRP 
on subgroup analysis; the CRP concentration was greatest 
in patients who needed intestinal resection followed by that 
in patients who had a laparotomy for reduction of 
intussusception, and least in children who had successful 
enema reduction (Table 2). 

Considering all patients with intussusception, endotoxin 
concentrations were not significantly different between 
acute and convalescent samples, taken 2-6 days later in 
most cases (Table 3). However, levels of IgM EndoCAb 
were significantly greater in the convalescent sera of all 
subgroups of patients with intussusception (P < 0-001). 

Statistically significant differences between acute sample 
concentrations for the three intussusception subgroups 
were found for only two variables, CRP and neopterin. 
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P< 0-001 verses acute (Wilcoxon signed rank 


Using stepwise discriminant analysis, CRP was identified as 
the best variable at distinguishing between the three 
subgroups (P < 0-001), with no further advantage gained 


from including other variables. 


Discussion 


The mortality rate associated with intussusception has 
declined steadily i in developed countries and is now less than 
1 per cent’. However, serious morbidity is not uncommon, 
particularly in patients with a delayed c The 
biological mechanisms involved in complicated intussus- 
ception are poorly understood, although intestinal ischae- 
mia—reperfusion injury may be important in some cases. 
The role of free radicals, inflammatory cytokines and 
endotoxin has been speculative. This study was designed to 
explore which of these factors might be involved in the 
systemic aspects of the disease. This knowledge may help to 
provide an early indicator of disease severity and yield new 
insights into therapeutic strategies in severe cases. 
Hydrostatic or air enema reduction is usually only 
possible if the intestine is viable and it is almost always 
unsuccessful in the presence of strangulated intestine. 
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Consequently, failure of enema reduction is strongly 
correlated with the more severe forms of intussusception. 
Overzealous attempts to reduce the intussusception in these 
severe cases is hazardous. Plasma markers might be valuable 
to help determine from the outset which children are more 
likely to have strangulated bowel so that urgent surgery can 
be performed. 

Acute intussusception results in local inflammation and 
vascular congestion. Activation of leucocytes causes the 
release of inflammatory mediators. Inflammatory cytokines 
promote leucocyte adhesion and migration through post- 
capillary vascular endothelium, and contribute to micro- 
vascular disturbances leading to hypovolacmis and bacterial 
translocation through the gut wall’. Neopterin (D-erythro- 
6-(1’,2’,3’-trihydroxypropyl)pterin) is a metabolite of gua- 
nosine triphosphate and is secreted in large quantities 
activated macrophages under stimulation by interferon Y. 
Increased plasma neopterin concentrations have been found 
to correlate with disease severity in acute pancreatitis and 
with death in critically ill adult patients””°, Significantly 
raised levels of plasma IL-6 and neopterin were detected in 
these children with acute intussusception, particularly in 
those who needed operative intervention, suggesting that 
plasma concentrations of these cytokines may be linked to 
disease severity. TNF-a concentrations, although 
increased, were similar in acute and convalescent samples. 
However, TNF-a has a short circulating half-life’! and an 
early but transient release of this cytokine in acute 
intussusception might have been missed. 

Plasma CRP concentration was significantly raised at 
diagnosis in acute intussusception, with a direct correlation 
to disease severity, and proved to be the best marker in this 
study. Plasma CRP is easily measured and routinely 
available in most laboratories. It deserves further investiga- 
tion as a potentially valuable index of disease severity at the 
time of diagnosis of intussusception. Measurement of CRP 
may predict children with an irreducible intussusception 
with vascular compromise. 

There were no significant differences between acute and 
convalescent measurements of plasma MDA, a circulating 
marker of lipid peroxidation and free radical activity. Free 
radical damage may well be important at a local level in 
intussusception or specifically in ischaemia—reperfusion 
injury but further investigations are needed to define the 
potential therapeutic role of free radical scavengers such as 
mannitol or allopurinol in children with acute intussuscep- 
tion. 

Endotoxin, the lipopolysaccharide component of the cell 
wall of Gram-negative bacteria is toxic to humans in 
nanogram quantities. Lipid A is the main toxic moiety of 
endotoxin and is responsible for many of the pathophysio- 
logical responses leading to multiple organ failure in 
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Gram-negative sepsis’. Although gut translocation of 
Gram-negative bacteria in intussusception was recognized 
many years ago)’, the role of endotoxin in this condition has 
been neglected. Previous investigation appears to have been 
limited to a mouse model of endotoxin-induced intus- 
susception’*"®. In the present study, all blood cultures were 
sterile but there was evidence of endotoxinaemia, particu- 
larly in children who needed intestinal resection. 
Endotoxinaemia may be an important factor influencing 
morbidity in intussusception. 

IgG EndoCAbs are present at birth, probably as a result 
of maternal (transplacental) transmission!®, Levels gradu- 
ally decline over the first 3 months of life after which 
endogenous IgG EndoCAb begins to increase, reaching 
adult concentrations at about 6-7 years of age’. IgM 
EndoCAb (endogenous) is virtually absent in the first 
month of life but increases gradually to around adult levels 
by l year of age. Endotoxinaemia leads to an initial 
depletion in both IgG and IgM EndoCAb concentrations. 
Subsequently, the humoral anamnestic EndoCAb response 
may be triggered, and EndoCAb levels can rise rapidly’. 
The antibody responses observed in the children in the 
present study may indicate endotoxin exposure even where 
endotoxinaemia could not be measured. Acute IgM and IgG 
EndoCaAb levels were relatively normal but IgM levels were 
significantly increased in convalescent sera. The time 
course of the endotoxin antibody response in adults, with 
IgM concentrations peaking around day 5-7 and IgG 
peaking around day 7-9, would be compatible with an 
endotoxin antibody response in children following acute 
intussusception, since convalescent samples were taken 
from most patients 2-6 days after the acute samples. The 
observation that depressed EndoCAb is associated with a 
poor clinical outcome in other clinical conditions'”~° is 
compatible with the observation that children who required 
intestinal resection had the lowest acute IgM EndoCAb 
levels. 
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Background: Conventional repair of recurrent inguinal hernia is associated with a re-recurrence rate as 
high as 35 per cent. Endoscopic mesh repair has promising results regarding both recurrence and 
complication rates. 

Methods: In a retrospective review, the results of endoscopic totally extraperitoneal repair were 
evaluated in 104 patients with 108 recurrent hernias. Follow-up was at least 1 year. Type of recurrence, 
time of occurrence after previous repair, duration of surgery, complications, duration of hospital stay 
and number of re-recurrences were evaluated. 

Results: Follow-up ranged from 12 to 29 (mean 16) months. Forty-three recurrences were direct, 41 
indirect and 15 combined; one was a femoral hernia. Median time to previous operation was 36 months 
(range 8 days to 42 years). Median duration of surgery was 63 (range 25-160) min. While there were no 
complications during operation, 12 patients (12 per cent) had a postoperative complication. Two direct 
re-recurrences (2 per cent) occurred as a result of inadequate positioning of the prosthetic mesh. 
Conclusion: The endoscopic totally extraperitoneal technique is safe and effective for the repair of 


recurrent inguinal hernia. 


Paper accepted 11 February 2001 


Introduction 


While the recurrence rate after primary groin hernia repair, 
using an anterior approach without the use of mesh, is 
between 0.2 and 19 per cent’, it may be as high as 30-36 per 
cent for recurrent hernia repair’. Because of earlier 
operation, the anatomy of the groin may be changed and 
scarring may hamper dissection’. Higher complication 
rates, such as ischaemic orchitis*, and a higher morbidity are 
described for open recurrent hernia repair’. 

To avoid two aetiological factors in recurrence of an 
operated groin hernia, namely collagen deficiency and 
tension on tissue’, Stoppa eral.” described a new technique 
in 1984. It involved a synthetic prosthesis, introduced by an 
open anterior approach. Recurrence rates using this 
technique were significantly lower: 1-4 per cent reported 
by Stoppa and Warlaumont’? and 0-7 per cent noted by 
others’ )!”, 

In the evolution of techniques towards minimally invasive 
surgery with theoretically less perioperative morbidity anda 
shorter rehabilitation, Ger et al." described a method for 
laparoscopic implantation of prosthetic mesh. Although 
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still contreversial for primary hernias, the technique of 
endoscopie repair with a synthetic prosthesis has gained 
wide popularity for the repair of recurrent inguinal hernia! as 
This study investigated the feasibility and short-term 
results of the endoscopic totally extraperitoneal (TEP) 
technique in the repair of recurrent inguinal hernia. 


Patients and methods 


From July 1994 to July 1998, all patients with a recurrent 
inguinal hernia treated at the St Elisabeth Hospital, Tilburg 
were intentionally treated endoscopically by the TEP 
technique as described by McKernan and Laws!’. Under 
general anaesthesia, through a subumbilical incision, 
balloon dissection was applied to develop the preperitoneal 
space without entering the abdominal cavity. Extensive 
lateral dissection, isolation and parietalization of the cord 
structures. were performed under direct vision. A 
10 x 15 cm polypropylene mesh was placed covering the 
myopectineal orifice, without fixation. 

One hundred recurrent hernias were unilateral; four were 
bilateral. In the group of 104 patients, there were 100 men 
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and four women of median age 58 (range 26-83) years. Of 
the 108 repairs, 87 followed one previous open anterior 
repair, 18 followed two previous repairs, one followed three 
and two followed four previous repairs. 


Results 


In 104 patients, the median interval between previous 
hernia repair and recurrence was 36 months (range 8 days 
to 42 years). Forty-three recurrent hernias were medial or 
direct, 41 were lateral or indirect and 15 were combined. 
One patient had a recurrent femoral hernia. In one patient 
the exact site of herniation could not be determined owing 
to the absence of the epigastric vessels after previous 
operation. In seven patients the site of herniation was not 
recorded. 

The median duration of TEP repair was 63 (range 25- 
160) min. In five patients haemorrhage from the epigastric 
vessels occurred during dissection, which was controlled 
endoscopically by means of staples in all cases. Two 
operations (2 per cent) were converted to conventional 
open repair, one because of an iatrogenic peritoneal tear, 
which prevented sufficient distension of the preperitoneal 
space, and one because of extensive preperitoneal adhe- 
sions. In four other operations, the preperitoneal technique 
was switched intraoperatively to a transabdominal preper- 
itoneal technique, because of unintended pneumoperito- 
neum. 

The median hospital stay was 2 (range 1-11) days. 
Twelve patients (12 per cent) had a postoperative complica- 
tion: two patients had a groin seroma, which required 
evacuation by needle puncture, two had a groin haematoma 
requiring surgical re-exploration, transient thigh numbness 
was seen in three patients, while one patient suffered 
hyperaesthesia suspicious of entrapment of the ilioinguinal 
nerve. Further complications included cystitis (n = 2), 
transient subcutaneous emphysema (n = 1) and subumbili- 
cal wound dehiscence (n = 1). There were no hernia-related 
deaths although one patient was lost to follow-up after he 
died from an unrelated cause. 

The mean follow-up was 16 (range 12-29) months. Two 
patients developed further hernia recurrence. One occurred 
10 months after endoscopic surgery and was caused by 
inadequate positioning of the prosthesis. The operation was 
performed in the first 6 months of the evaluation. This 
patient had laparoscopic reoperation by the transabdominal 
technique. Recurrence had developed in an area not covered 
by the mesh, just lateral to the pubic tubercle through 
Hesselbach’s triangle. A second mesh was introduced 
endoscopically and positioned over the defect. The second 
re-recurrence occurred 12 months after endoscopic correc- 
tion and also involved a defect on the medial side of the 
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mesh. Correction was performed using the method of 
Stoppa et al.”. No further problems have occurred in these 
two patients. 


Discussion 


This study reports the results of a consecutive series of 104 
patients with 108 endoscopically repaired recurrent ingu- 
inal hernias, with a minimum follow-up of 1 year, and 
describes a low re-recurrence rate and a low complication 
rate. Although the follow-up 1s relatively short, the low re- 
recurrence rate of 2 per cent is not expected to increase as 
recurrences after a posterior approach usually occur within 
the first 6 months after surgery, as the result of a technical 
error’®. Both of the re-recurrences in this study were due to 
malpositioning of the prosthetic mesh and might partly be 
due to the effect of the learning curve”. 

Whereas the role of mesh implantation in primary hernia 
repair has been controversial, this technique has been 
widely accepted for the repair of recurrent hermas!*’®, 
Besides mesh insertion by an open anterior approach, as 
described in 1975 by Stoppa et a/.!°, which proved to be 
effective, laparoscopic mesh insertion has gained consider- 
able popularity*°”". Of the different endoscopic techni- 
ques, the preperitoneal approach has particularly been 
advocated for recurrent hernia because it avoids the 
potential complications of intra-abdominal surgery’®. It 
circumvents scar tissue from previous anterior operation 
and provides good visualization of the groin anatomy. The 
absence of scar tissue in the preperitoneal region should 
minimize the risk of injury to spermatic cord structures and 
the lateral cutaneous and genitofemoral nerves. 
Furthermore, there is no need to staple the prosthesis to 
the surrounding tissue, thus avoiding the risk of nerve 
injury”. 

The present study reports a very low recurrence rate for a 
corrected recurrent inguinal hernia (two of 108) and 
confirms other reports, describing a low morbidity and 
complication rate!®”??*, Other studies of the TEP 
technique for recurrent hernias are smaller. Knook et al.” 
reported seven re-recurrences in 35 recurrent hernia repairs 
with a mean follow-up of 43 months. Phillips et a/.?6 
described no recurrences ın ten repairs with a follow-up of 
12 months and Memon and colleagues” mentioned none in 
eight repairs with a median follow-up of 27 months. Felix et 
al.’ described one re-recurrence in a series of 90 recurrent 
hernias, with a follow-up of 89 per cent after 14 months, but 
it is not quite clear whether this operation was performed 
using the TEP technique or the transabdominal preper- 
itoneal (TAPP) technique. 

Regarding the TAPP technique for recurrent hernia, 
larger series are reported: Sandbichler et a/.”? reported one 
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re-recurrence in 200 repairs (0-5 per cent), but this study 
had a follow-up of only 54 per cent after 1 year. Deans and 
colleagues?” described no re-recurrences in ten repairs with 
a median follow-up of 6 months and Memon etal.’ noted 
two in 68 recurrent hernia repairs with a follow-up of 
27 months. Some other studies reported very low recur- 
rence rates for endoscopic mesh repair'®”*, but these did 
not differentiate between the results of primary or recurrent 
hernia repairs. In all these studies, the majority were 
primary hernias. Some cite a significantly higher recurrence 
rate for the TAPP technique. Beets etal?’ , for example, 
reported seven recurrences in 56 both primary and 
recurrent hernias (13 per cent). 

“The median hospital stay of 2 days in the present series is 
explained by the policy of keeping patients in hospital 
overnight after surgery. Recently the operation has been 
done as a day case. 

Endoscopic totally preperitoneal prosthetic mesh inser- 
tion is a safe and effective technique for the repair of 
recurrent inguinal hernia. 


References 


1 Nyhus LM, Condon RE, eds. Hernia. 3rd ed. Philadelphia, 
Pennsylvania: JB Lippincott, 1989- 253-64. 

2 Memon MA, Feliu X, Sallent EF, Camps J, Fitzgibbons RJ Jr. 
Laparoscopic repair of recurrent hernias. Surg Endosc 1999; 13: 
807-10. 

3 Felix EL, Michas CA, McKnight RL. Laparoscopic repair of 
recurrent hernias. Surg Endosc 1995; 9: 135-9. 

4 Fong Y, Wantz GE. Prevention of ischemic orchitis during 
inguinal hernioplasty. Surg Gynecol Obstet 1992; 174: 399-402. 

5 Wantz GE. Complications of inguinal hernia repair. Surg Clin 
North Am 1984; 64: 287-98. 

6 Postlethwait RW. Causes of recurrence after inguinal 
herniorrhaphy. Surgery 1971; 69: 772-5. 

7 Shulman AG, Amid PK, Lichtenstein IL. Plug repair of 
recurrent inguinal hernias. Contemp Surg 1992; 40: 30-3. 

8 Amid PK, Shulman AG, Lichtenstein IL. An analytic 
comparison of laparoscopic hernia repair with open ‘tension- 

.free’ hernioplasty. Int Surg 1995; 80: 9-17. 

9 Stoppa RE, Rives JL, Warlaumont CR, Palot JP, Verhaeghe 
PJ, Delattre JF. The use of Dacron in the repair of hernias of 
the groin. Surg Chn North Am 1984; 64: 269-85. 

10 Stoppa RE, Warlaumont CR. The preperitoneal approach and 
prosthetic repair of groin hernia. In: Nyhus LM, Condon RE, 
eds. Hernia. 3rd ed. Philadelphia, Pennsylvama: JB Lippincott, 
1989: 199-225. 

11 Beets GL, van Geldere D, Baeten CGMI, Go PMNYH. Long- 
term results of giant prosthetic reinforcement of the visceral sac 
for complex recurrent inguinal hernia. Br 7 Surg 1996; 83: 
203-6. 

12 Langer I, Herzog U, Schuppisser JP, Ackermann C, Tondelli 
P. Preperitoneal prosthesis implantation ın surgical 


British Journal of Surgery 2001, 88, 884-886 www.bys co.uk 


management of recurrent inguinal hernia. Retrospective 
evaluation of our results 1989-1994. Chirurg 1996; 67: 
394-402. 

13 Ger R, Monroe K, Duvivier R, Mishrick A. Management of 
indirect inguinal hernias by laparoscopic closure of the neck of 
the sac. Am F Surg 1990; 159: 370-3. 

14 Gianetta E, Cuneo S, Vitale B, Camerin G, Marini P, Stella M. 
Anterior tension-free repair of recurrent inguinal hernia under 
local anesthesia: a 7-year experience in a teaching hospital. Ann 
Surg 2000; 231: 132-6. 

15 McKernan JB, Laws HL. Laparoscopic repair of inguinal 
hernias using a totally extraperitoneal prosthetic approach. 
Surg Endosc 1993, 7: 26-8. 

16 Felix EL, Michas CA, Gonzalez MH Jr. Laparoscopic 
hernioplasty, TAPP vs TEP. Surg Endosc 1995; 9: 984-9. 

17 Liem MSL, van Steensel CJ, Boelhouwer RU, Weidema WF, 
Clevers GJ, Meijer WS et al. The learning curve for totally 
extraperitoneal laparoscopic inguinal hernia repair. Am 7 Surg 
1996; 171: 281-5. 

18 Ramshaw BJ, Tucker JG, Conner T, Mason EM, Duncan TD, 
Lucas GW. A comparison of the approaches to laparoscopic 
herniorrhaphy. Surg Endosc 1996; 10: 29-32. 

19 Stoppa R, Petit J, Henry X. Unsutured Dacron prosthesis in 
groin hernias. Int Surg 1975; 60: 411-12. 

20 Phillips EH, Rosenthal R, Fallas M, Carroll B, Àrregu M, 
Corbitt J et al. Reasons for early recurrence following 
laparoscopic hernioplasty. Surg Endosc 1995; 9: 140-5. 

21 Felix EL, Harbertson N, Vartanian S. Laparoscopic 
hernroplasty: significant complications. Surg Endosc 1999; 13: 
328-31. i 

22 Sandbıchler P, Draxl H, Gstir H, Fuchs H, Furtschegger A, 
Egender G et al. Laparoscopic repair of recurrent inguinal 
hernias. Am 7 Surg 1996; 171: 366-8. 

23 Fitzgibbons RJ Jr, Camps J, Cornet DA, Nguyen NX, Litke 
BS, Annibali R et al. Laparoscopic inguinal herniorrhaphy. 
Results of a multcenter trial. Ann Surg 1995; 221: 1, 3-13. 

24 Liem MSL, van der Graaf Y, van Steensel CJ, Boelhouwer RU, 
Clevers GJ, Meijer WS et al. Comparison of conventional 
anterior surgery and laparoscopic surgery for inguinal-herma 
repair. N Engl F Med 1997; 336: 1541-7. 

25 Knook MTT, Weidema WF, Stassen LPS, van Steensel CJ. 
Endoscopic total extraperitoneal repair of primary and 
recurrent inguinal hermas. Surg Endosc 1999; 13: 507-11. 

26 Phillips EH, Carroll BJ, Fallas MJ. Laparoscopic preperitoneal 
inguinal hernia repair without peritoneal incision. Technique 
and early clinical results. Surg Endase 1993; 7: 159-62. 

27 Deans GT, Wilson MS, Royston CMS, Brough WA. 
Recurrent inguinal hernia after laparoscopic repair: possible 
cause and prevention. Br 7 Surg 1995; 82: 539-41. 

28 Payne JH Jr, Grininger LM, Izawa JT, Podoll EF, Lindahl PJ, 
Balfour J. Laparoscopic or open inguinal herniorrhaphy? A 
randomized prospective trial. Arch Surg 1994, 129: 973-81. 

29 Beets GL, Dirksen CD, Go PMNYH, Geisler FEA, Baeten 
CGML, Kootstra G. Open or laparoscopic preperitoneal mesh 
repair for recurrent inguinal hernia? A randomized controlled 
trial. Surg Endosc 1999; 13: 323-7. 


©2001 Blackwell Science Ltd 


[ Correspondence aTi a | 


The Editors welcome topical from readers relatmg to 
articles published in the Journal. Letters should be no more than 250 
words in length and should be typed on A4-sized paper in double 


spacing 


Major intra-abdominal pathology missed at laparoscopic 
cholecystectomy (Br 7 Surg 2000; 87: 1434-5) 


Ser 


Malouf et a. advocate a policy of routine thorough diagnostic 
laparoscopy at the time of laparoscopic cholecystectomy. This 
is based on their finding of four cancers (two colonic and two 
periampullary) in 695, presumably consecutive, patients 
undergoing laparoscopic cholecystectomy. Unless a thorough 
laparoscopy of the lesser sac is carried out it would be difficult 
to diagnose periampullary cancers in patients who are not 
jaundiced. This would add time to laparoscopic cholecyst- 
ectomy and we know that operating theatre time is the largest 
cost bearer of this procedure, amounting to up to 60 per cent of 
the total hospital expense’. Adding even 10 min for diagnostic 
laparoscopy would add 6950 min of operating time in these 
cases, or in other words at least 14 full day operating lists in the 
Lothian region. Can we afford it both in terms of time and cost? 
Would a managerial driven health care system allow this 
expensive diagnostic modality with a pick-up rate of 0-6 per 
cent, or are better preoperative or postoperative algorithms 
required for patients with atypical symptoms and gallstones? 
While randomized controlled trials have proven the value of 
diagnostic laparoscopy in the acute setting, the issue has yet to 
be fully resolved in the patient with chronic abdominal pain?. 
H. M. Kocher 
R. Al-Ghnaniem 
A. G. Patel 
Department of Surgery 
King’s College Hospital 
London SES 9RS 
UK 
1 Traverso LW, Hargrave K. A prospective cost analysis of 
laparoscopic cholecystectomy. Am F Surg 1995; 169: 503-6. 
2 Decadt B, Sussman L, Lewis MP, Secker A, Cohen L, Rogers C et al 
Randomized clinical trial of early laparoscopy in the management of 
acute non-specific abdominal pain. Br 7 Surg 1999; 86: 1383-6. 


Chronic dysphagia following laparoscopic fandoplication 
(Br F Surg 2000; 87: 1341-5) 


Sir 

We have performed a simular study to Bessell et al. comparing 
Nissen fundoplication with anterior partial fundoplcation in 
patients with both normal and abnormal oesophageal motility. 
One hundred and seven patients with gastro-oesophageal 
reflux disease were randomized to undergo either Nissen 
fundoplication (53) or anterior 180° hemifundoplication (54), 
and follow-up was obtained at least yearly by a blinded 
investigator using standardized clinical grading systems to 
assess postoperative dysphagia, heartburn and patient 
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satisfaction. Patients were divided into two groups depending 
on their preoperative oesophageal manometry: normal 
peristalsis (81 patients) or disordered peristalsis (26 patients; 
propagated < 50 per cent of swallows and/or distal peristaluc 
amplitude <40 mmHg). At all follow-up intervals beyond 
6 months, patients undergoing anterior fundoplication 
experienced less dysphagia and were more likely to be satisfied 
with the outcome. However, the magnitude of the outcome 
differences was independent of peristaltic status and there was 
no trend towards a poorer outcome in patients with poor 
peristalsis undergoing Nissen fundoplication. Our findings 
were similar to those of Bessell et a}. and did not support the 
concept of tailoring antireflux surgery according to 
preoperative peristaltic status. However, laparoscopic anterior 
fundoplication was associated with less dysphagia overall and 
an improved clinical outcome at 3 years. 
R. Ackroyd 
D. I. Watson* 
University Department of Surgery 
Royal Hallamshtre Hospital 
Glossop Road 


Sheffield S10 27F 
UK 


“Unversity Department of Surgery 
Royal Adelaide Hospital 
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Short-term results of femoropopliteal subintimal 
angioplasty (Br 7 Surg 2000; 87: 1361-5) 


Sir 


Although this study was well conducted, I believe the final 
conclusion of a poor clinical success rate contradicts the study 
results. From the data, one can conclude that in critical 
ischaemia there is an initial success rate of 72 per cent for this 
technique. This may not sound too good to those unfamiliar 
with the technique, but this is a simple benign procedure’. All 
manipulation, which in experienced hands takes no more than 
30 mun, is through a 5 French sheath and can even be performed 
on an outpatient basis. Failure, if one considers the general 
vascular and medical status of the patient, is only relative. Even 
if one is successful in only 72 per cent of patients, the gain for 
this specific type of patient is high. I should like to raise the 
following question: what will be the clinical outcome for a 75- 
year-old patient with critical lower leg ischaemia unsuitable for 
operation due to co-morbidity or an unfavourable disease 
pattern (inclusion criteria for this study) at 8 months? 
According to McCarthy etal. a good outcome would occur in 
83 per cent of all patients undergoing the extraluminal 
procedure. I would conclude that the management of patients 
with critical ischaemia with an unfavourable surgical option is 
percutaneous intentional extraluminal recanalization. Only 
those whose treatment fails will face, according to McCarthy 
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etal., a gloomy future which is, however, unrelated to this 
treatment. 
J. A. Reekers 
Department of Radiology 
Academic Medical Centre 
University of Amsterdam 
PO Box 22700 
1100 DE Amsterdam 
The Netherlands 
1 Reekers JA, Bolia A. Percutaneous intentional extraluminal 
(subintimal) recanalization: how to do it yourself. Eur J Radiol 1998; 
28: 192-8. 


Anatomy of Denonvilliers’ fascia and pelvic nerves, 
impotence, and implications for the colorectal surgeon 
(Br F Surg 2000; 87: 1288-99) 

Sir 

Lindsey et al. provide a comprehensive account of the detailed 
anatomy of Denonvilliers’ fascia and pelvic innervation, and 
outline their importance to colorectal surgeons, particularly 
with respect to male impotence. There are some aspects of 
female anatomy that may be apposite in this context. 

As is indicated by the authors, the macroscopic appearances 
of Denonvilliers’ fascia vary. Parity may be important since 
there are few, if any, studies of either anterior or posterior 
pelvic compartments in nulliparous subjects. 





Fig.1 Avulsion (A) of the pubococcygeus (pe) from the arcus 
tendineus levator ani on the surface of the obturator internus (oi) 
following prolonged maternal voluntary efforts in labour. Much 
of the innervation of the lower pelvis enters on the surface of the 
levator ani and may be disrupted by such an injury. Axial section 
(4mm) of the pelvis below the ischial spines produced using fast 


spin echo sequences, 1-ST, 
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The primary importance of the posterior axis of support, 
where the uterosacral-cardinal ligament complex suspends the 
rectovaginal septum and posterior vaginal wall to the perineal 
body, is often understated. 

The uterosacral ligaments insert primarily into the 
posterosuperior vagina (rather than the uterine cervix) and 
deliver significant neurovascular bundles. These nerve fibres 
have not been extensively studied although do appear to 
contain parasympathetic fibres’. 

Avulsion of the origin of the levator ani (Fig. 1) consequent 
upon premature, or prolonged, maternal voluntary efforts in 
labour disrupts nerves entering the pelvis on its surface which 
may cause sensory symptoms (pelvic pain, deep dyspareunia, 
urinary urge incontinence, faecal urgency) in the medium term 
by an allodynic mechanism. 

Division of the uterosacral ligaments at hysterectomy and 
some forms of vaginal delivery may have significant 
consequences for the innervation of the rectum. We would not 
presume to speculate as to how this damage might present to 
colorectal colleagues although they might agree that 
obstetricians and gynaecologists could reflect on their role in 
the development of these problems. 

M. J. Quinn 
M. C. Slack* 
Hinchingbrooke Hospital NHS Trust 
Huntingdon PE18 8NT 
“Peterborough Hospitals NHS Trust 
Peterborough PE3 9GZ 
UK 
1 Campbell RM. The anatomy and histology of the sacrouterine 
ligaments Am J Obstet Gynaecol 1950; 59: | 12. 


Vascular access for haemodialysis (Br J Surg 2000; 87: 
1300-15) 


Letter 1 


Sir 

The authors stress the importance of construction of distal 
arteriovenous fistulas (AVFs) in the arms first, preserving more 
proximal sites for subsequent procedures. They fail to mention 
the anatomical snuffbox as the most distal site in the arm. The 
surgical technique and patency rates (equal to those of the 
classic Brescia-Cimino radiocephalic AVFs) are well 
documented”, 

The proximity between the radial artery and cephalic vein in 
the anatomical snuffbox allows easy anastomosis without 
mobilization and transposition of the vein. Once matured the 
snuffbox fistula offers a long segment of vein for needling. Due 
to the small calibre of the artery the risk of developing a steal 
phenomenon or cardiac failure is minimized. In 376 primary 
vascular access procedures the construction of a snuffbox AVF 
was possible in 187 patients (50 per cent)’. When a snuffbox 
fistula failed an ipsilateral radiocephalic AVF could be 
constructed at the wrist in 45 per cent of patients. This may 
reduce the subsequent need for prosthetic grafts (only 18 out of 
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645 access procedures over 12 years). Despite its infrequent use 
in the UK, the snuffbox AVF is certainly worth considering ın 
patients requiring long term vascular access for haemodialysis. 
i L. Wolowczyk 
C. P. Gibbons 
Vascular Surgery Unit 
Morriston Hospital 
, Swansea SA6 6NL 
UK 
1 ¡Bonalumi J, Civalleri D, Rovida S, Adami GF, Granetta F, Griffanti- 
[Vartoli F. Nine years’ experience with end-to-end arteriovenous 
‘fistula at the ‘anatomical snuffbor’ for maintenance haemodialysis. 
Br F Surg 1982; 69: 486-8. 
2 Marı AB, Landman J, Harder FH. Surgery for vascular access. Curr 
Probl Surg 1990; 27: 1-48. 
Wolowczyk L, Williams AJ, Donovan KL, Gibbons CP. The 
snuffbox arteriovenous fistula for vascular access. Eur 7 Vasc Endovasc 
Surg 2000; 19: 70-6. 
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Letter 2 





Sir 

The number of patients needing renal replacement is 
increasing every year because of an ageing population and 
improvements in haemodialysis may allow patients to live 
longer on such replacement therapy. The disparity between the 
number of organs available and the number of patients on the 
transplant waiting list simply means patients will spend a long 
time on haemodialysis. This large patient population inevitably 
often needs secondary and tertiary procedures for continued 
safe vascular access. 

This article exposes the situation quite clearly; there is much 
to do. Data are lacking from which clinicians might learn and 
formulate management protocols. Is there a need to set up a 
central databank on the lines of the colorectal or breast cancer 
registries? The Renal Association and the nephrologists have as 
much at stake here as the surgeons. A good fistula done at the 
right time and looked after well goes a long way in reducing 
morbidity. This happens only if patients with deteriorating 
renal function are referred at the right time, so that they have a 
functioning fistula when they need dialysis. This cuts down the 
problems associated with acute admissions and urgent central 
vein cannulation. 

A multidisciplinary approach, as the authors highlight, 
together with a facilitator, such as a vascular access co- 
ordinator! who could liaise between the specialities, would 
greatly improve the service to our patents. Our own experience 
in Liverpool is similar to that of Allon etal.. Is there a need for 
such a person to be employed by renal units nation-wide to 
improve access services? 

S. Sinha 

S. Sunil 

J. Smith 

Department of Surgery 

Royal Lrverpool University Hospital 
Prescott Street 
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Lrverpool L7 8XP. 
UK 
1 Allon M, Bailey R, Ballard R, Deierho1 MH, HamnckK, Oser R et al 
A multidisciplinary approach to haemodialysis access: prospective 
evaluation. Kidney Int 1998; 53: 473-9. 


Role of resection and primary anastomosis of the left colon 
in the presence of peritonitis (Br F Surg 2000; 87: 1580-4) 


Sir 


This study was reported to be prospective in nature but in the 
latter part of the study, because of the increasing confidence 
with the technique and the good results, resection and primary 
anastomosis (RPA) was offered to selected patients with diffuse 
peritonitis. Could this produce a selection bias and render 
comparison between the outcome in patients with localized and 
diffuse peritonitis invalid? Two patients who were immuno- 
compromised also underwent RPA and this was an exclusion 
criterion. The number of patients and the location of disease in 
patients with complicated non-specific, inflammatory disease 
who were excluded from this study are not clear. The readers 
will be keen to know the location of the perforation in the 13 
patients with carcinoma as the morbidity of surgery is different 
for a low anterior resection versus a sigmoid colectomy. This 
assumes more significance as the authors did not fashion any 
covering stoma at all. Did those patients who needed more 
technically demanding procedures undergo Hartmann’s 
procedure in preference to RPA and covering stoma? Were 
these anastomoses hand-sewn or stapled? 
V. S. Menon 
Department of Surgery 
Royal Glamorgan Hospital 
Llantrisant 
Glamorgan CF72 8XR 
UK 


Suitability for endovascular aneurysm repair in an 
unselected population (Br 7 Surg 2001; 88: 77-81) 


Str 


Woodburn et al. make much of the difference between their own 
series and those from tertiary referral centres. The results are in 
fact not dissimilar. Their figures are selectively interpreted to 
support their conclusion that the proportion of abdominal 
aortic aneurysms (AAAs) suitable for endovascular repair 1s 
lower than suggested previously by centres like our own’. 

The seven patients with thoracoabdominal aneurysms and 
one with a ruptured aneurysm should not have been included in 
the AAA series. Five aneurysms, which though suitable, are then 
excluded on surgical grounds for being less than 5-5 cm ın 
diameter and asymptomatic. We are not told how many of the 
unsuitable AAAs were also less than 5-5 cm and asymptomatic. If 
the first group of patients are excluded and the latter included, 
49 per cent (52 of 107) are found to be suitable for an aortoun:- 
iliac graft and 36 per cent (39 of 107) fora bifurcated graft This 
compares with our figures in 1997 of 55 and 10 per cent. 
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Figures for suitability depend largely on where the 
anatomical boundaries are drawn, and these in turn are 
influenced by the device, operator experience and passage of 
time. The study by Woodburn et a/. confirms the 
representativeness of our own anatomical database (in which 
tertiary referrals had the same spread of anatomical features as 
those from the local practice). The small difference in our 
figures for the aortouni-iliac device is probably due to our neck 
diameter limit being set at 3 cm compared to the limit set by the 
authors of 2-8 cm. 

We would suggest this paper has actually demonstrated a 
greater than three-fold increase in the numbers of patients that 
are suitable for repair with commercially available 
endovascular devices. This represents significant graft 
evolution in only 4years and a study 5 years from now may well 
conclude that the majority of AAAs can be treated by 
endovascular means. 

M. P. Armon 

P. W. Wenham 

B. R. Hopkinson 

Department of Vascular and Endovascular Surgery 
University Hospital 


Nottingham NG7 2UH 
UK 


1 Armon MP, Yusuf SW, Latief K, Whitaker SC, Gregson RHS, 
Wenham PW et al. The anatomical suitability of abdominal aortic 
aneurysms for endovascular repair. Br 7 Surg 1997, 84: 178-80. 


Authors’ reply 


Sir 


While we acknowledge the significant contribution made by 
the Nottingham group in the development of endovascular 
abdominal aortic aneurysm (AAA) repair we cannot agree with 
their interpretation of our results. Our series consisted of all 
patients referred to a single vascular surgical service for 
consideration of elective aneurysm repair. The diagnosis of 
AAA had been made on clinical and/or ultrasonographic 
examunation. On initial assessment by a vascular surgeon it was 
considered appropriate to investigate these patients further as 
described, with the intention of undertaking repair of their 
AAA. Exclusion of those patients subsequently identified as 
having aneurysmal disease extending above the renal arteries or 
a contained leak would have introduced the element of 
selection that we believe has influenced some reports to 
overestimate the applicability of endovascular repair. 

Armon and colleagues also suggest including those 
aneurysms that, while morphologically suitable for 
endovascular repair, did not meet currently accepted criteria 
for conventional surgical repair’. It has been suggested that 
endovascular repair may have a wider role if the threshold for 
surgical intervention were lowered”. This remains 
controversial and until current concerns regarding the 
durability of endovascular repair have been dispelled, it is our 
contention that, even if morphologically suitable, 
asymptomatic aneurysms of less than 5-5 cm diameter are not 
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appropriate for such surgery. While commercially available 

endovascular devices will evolve to treat an increasing number 

of aneurysms, at the present time we still believe that only one- 
third of patients are appropriate for endovascular repair after 

formal assessment. i 

K. R. Woodburn 

H. Chant 

J. N. Davies 

S. J. Travis 

Cornwall Vascular Unit 
Royal Cornwall Hospital 
Truro TRI 3L7 

UK 

1 Mortality results for randomised controlled trial of early elective 
surgery or ultrasonographic surveillance for small abdominal aortic 
aneurysms. The UK Small Aneurysm Trial Participants. Lancet 
1998; 352: 1649-55. 

2 MayJ, White GH, Yu W, Waugh R, Stephen M, Harris JP. 
Concurrent comparison of endoluminal repair versus no treatment 
for small abdominal aortic aneurysms. Eur } Vase Endovasc Surg 1997, 
13: 472-6. 


Probiotics (Br 7 Surg 2001; 88: 161-2) 


Sir 
I should like to update O’Sullivan’s excellent editorial on 
probiotics by providing some additional data reported in a 
recently published study. In a randomized trial 32 patients with 
Crohn’s disease in remission were allocated to a maintenance 
treatment with either mesalazine 3 g daily or mesalazine 2 g 
daily plus a preparation of Saccharomyces boulardit (two 500 mg 
capsules in the morning). At 6 months clinical relapses were 
found to be significantly less frequent in the group which, in 
addition to standard mesalazine maintenance, received the 
probiotic agent!. These results support the general concept 
that probiotics can be useful in the treatment of inflammatory 
bowel disease and suggest that Saccharomeyces boulardti, in 
particular, is a micro-organism able to exert anti-inflammatory 
effects in the intestinal environment. Further studies are in 
progress to confirm and enlarge these preliminary data. 
Interestingly, antibodies against Saccharomyces cerevisiae, a 
closely related yeast, are frequently detectable in patients with 
Crohn’s disease”. The possible relanonship between the 
presence of those antibodies and the therapeutic response to 
Saccharomyces boulardsi is currently under investigation, 
M. Guslandi 
Gastroenterology Unit 
S. Raffaele University Hospital 
Milan 
Italy 
1 Guslandi M, Mezzi G, Sorghi M, Testoni PA. Saccharonsyces boulards: 
ın maintenance treatment of Crohn’s disease. Dig Dis Sci 2000; 45: 
1462-4. 
2 Quinton JF, Sendid B, Reumaux D, Duthilleul P, Cortot A, 
Granbasten B etal. Anti-Saccharomeyces cerevisiae mannan antibodies 


©2001 Blackwell Science Ltd 


combined with antneutrophil cytoplasmic autoantibodies in 
inflammatory bowel disease. prevalence and diagnostic role. Gut 
1998; 42: 788-91. 


Prospective evaluation of the morbidity of axillary 
clearance for breast cancer (Br 7 Surg 2001; 88: 114-7) 


Sir 


In the Ulster Hospital Breast Unit all patients undergoing 
axillary surgery for malignant breast disease are counselled 
preoperatively about postoperative shoulder mobility, 
lymphoedema and other potential complications. Intensive 
exercise regimens are commenced on the day after operation, 
with physiotherapy twice daily. Patents are encouraged to 
perform their exercises every hour. Those who do not regain 
preoperative shoulder mobility before leaving hospital are 
reviewed on alternate days following discharge until 
movements are restored to normal. Patients are advised to 
continue the exercise regimens for 6 weeks. 

We have recently completed a study evaluating shoulder 
mobility, lymphoedema and other complications on 121 
patients (median follow-up 24 months). Our lymphoedema 
rate, although assessed differently, appears similar to that of 
Duff etal. with 3 per cent of patients having significant 
lymphoedema (an increase in arm volume of greater than 5 per 
cent persisting longer than 6 months). However, the median 
time for return to full range of shoulder movement was 6 days 
(range 2-24) and all patients regained shoulder mobility to 
preoperative levels. Five women (4 per cent) required more 
than 2 weeks to complete this process. No functional arm 
problems were noted at inital surgical outpatient review, 

3 months after treatment. We believe that appropriate 
aggressive physiotherapy regimens with adequate analgesia can 
significantly reduce the morbidity associated with arm 
movement following aullary surgery. 
R. J. Kennedy 
J. Bradley 
R. W. Parks 
S. J. Kirk 
The Breast Unit 
Ward 7 
The Ulster Hospital 
Dundonald BT16 1RH 
UK 


Jèjunal interposition to prevent 
syndromes (Br f Surg 2000; 87: 1576-9) 


Sir 


We agree with the authors about the occurrence and 
significance of ‘Roux-en-Y stasis syndrome’ (RSS) following 
gastrectomy. Beside Roux loop dysmotility, the size of the 
gastric remnant and disturbed postoperative gastric motility 
play an important part in the symptomatology of RSS!?. The 
present study does not address the importance of these two 
factors, The beneficial effect of more extensive gastric resection 
reduces the morbidity caused by RSS?. 
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In the ‘uncut’ Roux-en-Y anastomosis neuromuscular 
continuity is maintained. In a prospective randomized 
controlled trial involving 51 patients Noh demonstrated that 
this procedure significantly reduces the incidence of RSS’. The 
present study is a non-randomized comparative case-centred 
study with a follow-up period of 12 months. The authors have 
compared patients undergoing Bullroth I gastrectomy with 
jejunal interposition procedure and concluded that it 
effectively prevented postgastrectomy functional syndrome, 
which we think is misleading. 

Further studies incorporating all three techniques are 
needed with long-term follow up. Until then it is our view that 
the traditional Roux-en-Y should remain the first choice after 
subtotal gastrectomy. 

Y. K. S. Viswaneth 

G. W. B. Clark 

Academic Surgical Unit 

St James's University Hospital 
Beckett Street 

Leeds LS9 TTF 

UK 

1 Schirmer BD. Gastric atony and the Roux syndrome. Gastroenterol 
Cln North Am 1994; 23: 327-43. 

2 Hinder RA, Esser J, DeMeester TR. Management of gastric 
emptying disorders followıng the Roux-en-Y procedure Surgery 
1988; 104: 765-72. 

3 Noh SM. Improvement of the Roux limb function using a new type 
of ‘uncut Roux limb. Am F Surg 2000, 180: 37-40. 


Author’s reply 


Sir 
We investigated the advantages of jejunal interposition 
procedure compared with Billroth J repair but did not evaluate 
the Roux-en-Y reconstruction. Roux-en-Y reconstruction is 
technically simple to construct and effective in preventing 
alkaline reflux gastritis. Disadvantages include ‘Roux-en-Y 
stasis syndrome’ and nutrient malabsorption. The lack of 
mixing of chyme and pancreaticobiliary secretions may cause 
nutrient malabsorption, such as deficiency of iron, vitamin B42 
and folic acid in long-term follow-up’. Jejunal interposition 
procedure allows a physically more correct route for food. This 
procedure does have an increased operating time, but we did 
not encounter serious postoperative complications. We 
recommend jejunal interposition procedure following distal 
gastrectomy but agree that further studies are needed which 
incorporate all three techniques and with long-term follow up. 
Y. Moru 
Surgery Division 
Arita Gastrointestinal Hospital 
1-2-6 Maki 
Oita 870-0924 
Japan 
1 Avinoah E, Ovnat A, Charuzi I. Nutritional status seven years after 
Roux-en-Y gastric bypass surgery. Surgery 1992; 111: 137-42. 
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General Surgery Outpatient Decisions 


M. E. Gaunt 
215 x 138 mm. Pp 374 2000. London Amold £22.50 


This book ıs armed at senior house officers and junior registrars 
faced with the prospect of their first surgical speciality clinics. 
The author’s main aim is to describe a reasonable line of 
management suitable for most patients that can be modified to 
take account of patient and local factors. A further aim is to 
prevent unnecessary follow-up of review patients who are often 
dealt with by a succession of trainees. Part one explores the 
general issues of the consultation. It provides practical 
guidance on how to conduct an outpatient consultation, from 
planning and structuring and determining the objectives, 
through to dictating the letter. Part two comprises ten chapters 
that give a general overview of the relevant surgical speciality, 
followed by more detailed discussion of specific conditions and 
investigations. The salient points of history and examination 
are emphasized, along with the appropriate investigations 
(including techniques and their limitations, and how best to 
complete request forms). Treatment and timing of follow-up 
are discussed, and when to seek senior advice is clearly 
emphasized, as is the importance of good communication with 
the patient, relauves and other healthcare professionals. The 
book is easy to read and assumes a basic level of knowledge. 
However, it is short on tables and has no flow diagrams or 
illustratons. There is certainly a gap in the market for a book 
aimed at improving knowledge and reducing anxiety in an area 
where formal teaching 1s often lacking. In the less than ideal 
situation of limited senior cover, this book provides advice for a 
safe course of action for all common surgical conditions. 
J. Brittenden 
Vascular Surgery Unit 
Aberdeen Royal Infirmary 
Foresterbill 
Aberdeen AB26 2ZN 
UK 


Surgery: Basic Science and Clinical Evidence 


J. A. Norton, R. R. Bollinger, A. E. Chang, S. F. Lowry, 
S.J. Mulvihill, H. I. Pass, R. W. Thompson (eds) 
282 x 222mm Pp 2170 Illustrated 2000 New York Spmnger £68-50 


This large and extensively referenced tome covering all aspects 
of surgery has, in today’s world of evidence based medicine, a 
most inviting title. The fact that the editorial board did not 
commence their project until 1997 and in the meantime have 
been able to put together a surgical textbook of over 2000 
pages, 93 chapters and 200 evidence based tables, is of immense 
credit to all concerned. It also comes with an umpressive 
compact disc containing the references for each chapter along 
with a direct link (for most) to a detailed abstract. According to 


the senior editor the aim of the book was to assemble current 
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and future leaders in surgery who would put together an 
evidence based surgical textbook, providing the reader with the 
most up-to-date and relevant information on which to base 
decisions in modern surgical practice. Have they been 
successful? The answer is a tentative yes, but with a few 
provisos. There 1s no doubt that this text provides reasonably 
up-to-date information ın all the surgical specialities in a clear 
and concise style with extensive referencing. In the 
interpretation of the data, however, it does tend to favour 
current practice in North America; this is hardly surprising 
since all but four authors come from the USA or Canada. 
The main problem with such large surgical texts is that by the 
time of publication new data has appeared ın the literature 
resulting in many opinions becoming outdated. With all the 
current interest in evidence based medicine, publication of 
randomized controlled clinical trials and meta-analyses, this 
book unfortunately also suffers, despite the relatively short 
time between conception and publication. Although all the 
authors have tried hard to put together as much evidence as 
possible in support of the opinions expressed in their individual 
chapters, there are several areas that would already benefit from 
updating. In relation to the actual content there are some 
surprising statements that cannot be supported by current 
evidence, such as the recommendation that (when feasible) 
parietal cell vagotomy 1s the operation of choice for peptic ulcer 
disease. Although this may be true in the USA itis certainly not 
the case in the UK. There 1s no mention of the results of many 
trials over the last decade reporting both adjuvant and neo- 
adjuvant chemotherapy, radiotherapy and chemoradiotherapy 
for oesophagogastric cancer. Furthermore, the 
recommendation that patients with locally resectable stage IV 
oesophageal carcinoma should undergo palliative resection 
would certainly not find much support on this side of the 
Atlantic. Itis also disappointing to see that the more up-to-date 
staging classification regarding nodal status for gastric cancer is 
not mentioned, despite being published in 1997. In the 
management of obstructing left-sided colonic carcinoma, no 
mention is made of on-table washout and left-sided resection 
with primary anastomosis, the authors preferring to 
recommend subtotal colectomy and primary anastomosis as 
the best option. This is despite a randomized controlled trial ın 
the literature supporting the longer-term results from the 
former procedure. However, all surgical texts tend to reflect the 
bias and opinions of the authors and, overall, these criticisms 
should not detract too much from an extremely well written, 
informative and extensively referenced textbook, which has 
certainly stolen a march on the competition. 
S. Paterson-Brown 
Department of Clinical and Surgical Sciences 
The Untversity of Edmburgh 
Royal Infirmary 
Lauriston Place 
Ed:nburgh EH3 9YW 
UK 
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Handbook of Breast Surgery 


A. S. Ball, P. M. Arnstein 
214 X 138 mm Pp. 166 Illustrated 1999. London. Amold £24-99 


This book 1s ideal for a specialist registrar who is attached to a 
breast centre or unit. It is didactic, clear, the majority is in brief 
note form, readily memorable and an easy reference, making it 
ideal for revision purposes. There are a considerable number of 
controversies in breast surgery and I think the text lacks balance 
with regard to the use of drains, the lack of mention of day 
surgery for breast conservation and axillary sampling (which 1s 
now widely practised) and the fact that wire guided localization 
1s often carried out as a therapeutic manoeuvre and therefore 
the breast weight does not have to be under 20 g (as stated in 
chapter six). The text on gynaecomastia is an over- 
simplification. It is important for all trainees to realize that a 
subcutaneous mastectomy when there is a degree of ptosis leads 
to a very poor result. Table 11-2 could be improved in future 
editions by highlighting the salient figures. These are minor 
criticisms and do not detract from the overall clarity. 
A. L. G. Peel 
North Tees General Hospital 
Hardwick 
Stockton on Tees TS19 8PE 
UK 


[i 


Phlebology: The Guide 


A. A. Ramelet, M. Monti 
224 X 142 mm Pp. 445. Illustrated. 1999 Amsterdam: Elsevier $30-00. 


When the discipline of phlebology is barely acknowledged to 
exist in the English speaking world, this book is a welcome step 
to opening up the European perspective on this subject. It 
comes in a concise and well presented textbook, that is in its 
fourth edition but has for the first time become available in 
English. The contributions come from a group of experienced 
Swiss specialists presenting their expert views, with only one 
surgeon among them. The focus is clinical and descriptive in a 
tradiuonal style, with good use of coloured illustrations. The 
European clinical classifications and descriptions are useful, for 
instance types of oedema-phlebedema, lymphoedema and 
lipedema. 

This book is especially helpful for surgeon readers of the B7S 
because it opens up the full scope of venous disease and its 
management. There are perspectives in the clinical 
presentation and treatment of varicose veins that are readily 
neglected by those with a single surgical focus. This book helps 
to broaden that focus and should enhance patient care. Having 
the perspectives of a phlebologist, a dermatologist, an 
angiologist, a radiologist as well as a surgeon wrapped up 
together has advantages. Chapters that include physical 
therapy, life style issues and drug therapy are a reminder that 
there may be more to offer. There is information worth 
knowing about phlebotrophics and oedema protective agents, 


@ 2001 Blackwell Science Ltd 


Book reviews 893 


both of which are widely used by angiologists. However, the 
principles of evidence based medicine are not critically 
applied. Still, as the authors point out ‘the efficiency of 
phlebotrophics has often been contested, but ıt is never the less 
well established’ and ‘despite being extensively researched in 
Europe they are usually not discussed in textbooks...’. For the 
surgeon reader these European differences should not be a 
distraction. There is a lot of good surgical information, day 
care phlebectomy for example. This textbook is up-to-date, 
sound and provides a practical overview. For the general 
surgeon or trainee, for whom varicose veins or phlebology is a 
common problem in their practice, this book is well worth 
delving into. 
A. van Ry 
Department of Surgery 
Dunedin School of Medicine 
Unwversity of Otago 
PO Box 913 
Dunedin 
New Zealand 


The Complete MRCS: Volumes 1 and 2 


J. K. C. Huang, M. C. Winslet (eds) 
215 x 136 mm Volume 1 pp 216 Votume 2 pp. 240. 2000 Edinburgh 
Churchill Livingston. £16 95 each 


The Complete MRCS texts contain multiple choice questions 
(MCQs) and extended matching questions (EMQs) with 
answers, and are aimed at surgical trainees preparing for the 
Membership of the Royal College of Surgeons (MRCS) Part 1 
examination in the UK. It is closely allied to the syllabus laid 
out in the Surgeons in Training Education Programme 
(STEP) course and this is reflected in the way the chapters are 
divided. The layout of the book 1s clear and concise with MCQs 
and EMQs in proportions appropriate to the MRCS 
examination, covering both clinical and basic science topics. 
The questions cover a wide range of subjects within the 
structure of the STEP course and have suitable scope and detail 
to reflect the level of knowledge required to pass the MRCS 
Part 1. Syntax and grammar similar to that found in the exam 
has been adopted. The answers are set out at the back of each 
book. The authors have included suitably detailed explanations 
and relevant discussions without being longwinded. In my 
opinion these books are a good test of the basics, and are useful 
for consolidating pre-ensting knowledge. They give a good 
flavour of the type of questions that occur in the Part 1 
examination, laid out in a clear and easy to read package. 
G. Barham 
Department of Surgery 
Royal South Hants Hospital 
Southampton Unrversity Hospitals 
Britons Terrace 
Southampton SO14 0OYG 
UK 
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Scientific Surgery 


The BFS is committed to the practice of surgery based on 
scientific evidence. Each month we will publish a list of 
randomized trials and meta-analyses collated from 
English-language publications. A collection of all these 
papers will be available in the Scientific Surgery Archive 
which will be held on the B7S website together with links 


Australian and New Zealand Intensive Care Society (ANZICS) 
Clinical Trials Group. Low dose dopamine ın patients with 
early renal dysfunction: a placebo-controlled randomized trial. 
Lancet 2000; 356: 2139-43. 

This multicentre tna! Included 328 patients in an intensive care unit. 
Treatment with low-dose dopamine had no effect on measured renal 
function, survival or any other of the clinical parameters measured. 


Rink AD, Goldschmidt D, Dietrich J, Nagelschmidt M, 
Vestweber KH. Negative side-effects of retention sutures for 
abdominal wound closure. A prospective randomized study. 
Eur } Surg 2000; 166: 932-7. 

Wire deep tension sutures were randomly allocated in 95 high-risk patients 
who had a laparotomy. The sutures increased postoperative pain, and 21 of 
44 had to be removed prematurely. 


Rock CL, Thomson C, Cann BJ, Flatt SW, Newman V, 
Ritenbaugh C et al. Reduction ın fatintake is not associated with 
weight loss in most women after breast cancer diagnosis. Cancer 
2001; 91: 25-34. 

One thousand women with breast cancer were randomized to dietary 
advice by telephone or given written advice. Mean weight increase in 1 year 
was 0-04 and 0-46 kg, respectrvely, though the majonty of women had 
stable weight 


Evans J, Luck A, Hewett P. Glyceryl trinitrate versus lateral 
sphincterotomy for chronic anal fissure: prospective rando- 
mized trial. Dzs Colon Rectum 2001; 44: 93-7. 

After 8 weaks, 61 per cent of fissures healed after glyceryl trinitrate 
compared with 97 per cent after surgery (P<0 001) in this study of 65 
patients Twelve patents in the glyceryl trmitrate group later underwent 
surgery 


Milsom JW, Hammerhofer KA, Böhm B, Marcello P, Elson P, 
Fazio VW etal. Prospective, randomized trial comparing 
laparoscopic versus conventional surgery for refractory ileocolic 
Crohn’s disease. Dis Colon Rectum 2001; 44: 1-9. 

All the 60 patients stuched recovered after surgery. Two laparoscopic 
procedures were converted to open Minor complications were more 
common after open surgery. Analgesic requirements were similar, as was 
duration of hospital stay (median 5 days for laparoscopic versus 6 days for 
open surgery) ` 


Cales P, Masliah C, Bernard B, Garnier P-P, Silvain C, Szostak- 
Talbodec N etal. Early administration of vapreotide for variceal 
bleeding in patients with cirrhosis. N Engl F Med 2001, 344: 
23-8. 

Some 227 patients with cirthosis and bleedmg were randomized to 
vapreotde or placebo followed by endoscopk intervention. Overall survival 
at 42 days was similar, but survival with control of bleeding (the primary 
objective) was more hkely after vapreotide (66 versus 50 per cent, P=0-02). 
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to free Medline sites where the full papers can be 
accessed (see below for details). If you have published a 
recent randomized trial which has not been featured in 
Scientific Surgery, the Editors would be pleased to 
receive a reprint and consider its inclusion. 


Fuju Y, Tanaka H, Kawasaki T. Prophylaxis with oral granisetron 
for the prevention of nausea and vomiting after laparoscopic 
cholecystectomy. A prospective randomized study. Arch Surg 
2001; 136: 101-4. 

In this trta! including 120 operations, granisetron significantly reduced the 
nek of postoperative vomiting at different doses as follows: from 47 per cent 
with placebo to 40 per cent after 1 mg, and 17 per cent after 2 mg or 4mg 
(P=0-01) 


Yerdel MA, Akin EB, Dolalan S, Turkcapar AG, Pehlivan M,  ' 
Gecum JE et al. Effect of single-dose prophylactic ampicillin and’ 
sulbactam on wound infection after tension-free inguinal 
hernia repair with polypropylene mesh: the randomized, 
double-blind, prospective trial. Ann Surg 2001; 233: 26-33. 

In this tnal including 280 operations, the wound infection rate was reduced 
from 9 to 0-7 per cent by antibiotic prophylaxis (P= 0-0015) The mesh was 
removed for nfection m two patients. 


Lépez-Beret P, Orgaz A, Fontcuberta J, Doblas M, Martinez A, 
Lozano G etal. Low molecular weight heparin versus oral 
anticoagulants in the long term treatment of deep venous 
thrombosis. 7 Vase Surg 2001; 33: 77-90. 

Some 158 patents were randomized to one of two different anticoagulant 
schedules for 3 to 6 months. Dunng the following 12 months patients in the 
low molecular weight hepann group had a significantly increased rate of 
vem recanalizaton and reduced the rate of superficial and deep 
Incompetence The nsk of recurrent deep venous thrombosis was not 
reduced significantly (2 5 versus 9 per cent). 


Daniele B, Perrone F, Gallo C, Pignata S, De Martino S, De Vivo 
Retal. Oral glutamine ın the prevention of fluorouracil induced 
intestinal toxicity: a double blind, placebo controlled, rando- 
mized trial. Gut 2001; 48: 28-33. 

In this study including 70 patients with colorectal cancer, the addition of 
glutamine significantly reduced the seventy of the diarrhoea and the 
requirement for loperamide. 


The B7S website can be found at www.bjs.co.wk. In addition 
to details of current and previous articles featured in 
Scientific Surgery, the website contains details of the 
Editorial Team and Board, instructions to prospective 
authors, links to other sites (such as The Cochrane 
Library) and forthcoming surgical events. The Editors 
welcome comments and suggestions about the website, 
either in writing or through the website address. 


©2001 Blackwell Science Ltd 


Instructions to authors 


BJS publishes orginal articles, reviews and leading articles all of 
which are submitted to peer review. 


An article 1s reviewed for publication assuming that its contents have 
not been submitted simultaneously to another journal, have not been 
accepted for publication elsewhere and have not already been 
published. Any attempt at dual publication will lead to automatic 
rejection and may prejudice acceptance of future submissions. 
Please submit with your manuscript copies of any other papers 
(published, in press, or submitted for consideration elsewhere) that 
relate to the same subject. It is essential that you submit any other 
publications or submissions that use the same data set to allow 
assessment of any potential overlap. Indicate on the ttle page 
whether the paper is based on a previous communication to a society 
or meeting. Articles and their illustrations become the property of the 
Journal unless rights are reserved before publication. 

Send four copies of original articles and other editorial matter to: 
The Editor, BS, Blackwell Science Ltd, 25 John Street, London 
WCIN 2BS, UK. Telephone: 0207 404 1831; facsimile: 0207 404 
1927. A version on disk must accompany all submitted material. For 
instructions on how to do this, see below. Books for review should be 
sent to the same address. 


A covering letter must accompany all submissions, must be 
signed by all authors and must state whether an abstract of the 
work has been published - please provide an appropriate 
reference. Disclose in the covering letter any potental or actual 
personal, political or financial interest you may have in the material, 
information or techniques described in the paper. The Journal takes 
very seriously its obligation to assess and declare any actual or 
potential conflicts of interest. The decision to publish or withhold 
such information will be made by the Editors. Acknowledge all 
sources of financial support. The first named author is responsible for 
ensuring that all authors have seen, approved and are fully conversant 
with its contents. The Journal accepts the criteria for authorship 
proposed in the Britssh Medscal Journal (BMF 1994; 308: 39-42). If a 
paper has more than six authors you should justafy the inclusion of all 
names. Results of multicentre studies should be reported under the 
name of the organizing study group. Methods of recognizing 
contributors have been proposed (Lancet 1995; 345. 668). 


Disks 
IBM-compatible disks would be preferred (34 inch). An accurate hard 


copy must accompany each disk, together with details of the type of 
computer used, software and disk system. Do not justify. 
Please send us digital versions of your figures. Ideally these should 
be sent in natrve format or WMF if created in Windows. Files saved 
as PS, EPS, GIF and TIF may also be used, but please note that 1t may 
not be possible to modify them. Disks will not be returned to authors. 


i 
Rejected manuscripts and illustrations will not 
E i 
normally be' returned. 
Ethics 
Material relating to human investigation and animal erperiments 
must comply with and be approved by local ethics committees. It 
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must conform to standards currently applied in the country of origin. 
The Journal reserves the right not to publish an article on the 
grounds that appropriate ethical or experimental standards have not 
been reached. Written consent must be obtained from the patient, 
legal guardian or executor for publication of any details or 
photographs that might identify an individual. Submit evidence of 
such consent with the manuscript. 


Preparation of manuscripts 


BJS subscribes to the policy of uniform requirements for manuscripts 
which facilitates resubmission of papers to journals without extensive 
recasting. Authors are advised to consult the New England Journal of 
Medscine (N Engl J Med 1997; 336: 309-15), or obtan Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals’ 
from The Editor, British Medical Journal, BMA House, Tavistock 
Square, London WC1H 9JR, UK (cost £2 95 per copy). 

Authors are responsible for the accuracy of their report including 
all statistical calculations and drug doses. When quoting specific 
materials, equipment and proprietary drugs you must state in 
parentheses the brief name and address of the manufacturer. 
Generic names should normally be used. 


Original articles should normally be ın the format of introduction, 
patients and methods, results and discussion. Please provide a 200- 
word structured abstract. Lengthy manuscripts will be returned for 
shortening. The discussion in particular should be clear and concise 
and limited to matters arising directly from the results Avoid 
discurstve speculation. Randomized clinical trials should be clearly 
identified as such in the title and abstract. 


Reviews and meta-analyses of randomized trials 


The Editorial Board of the B7S encourages submission of review 
articles or meta-analyses on topics of interest. Any topic will be 
considered, but priority will be given to those addressing a major 
current problem. The author of each accepted article will receive an 
honorarrum. Before submission of a meta-analysis of randomized 
trials, authors are encouraged to consult the QUORUM statement, 
designed to assist in improving the quality of the submission (Lancet 
1999; 354: 1896-900). Potential authors are advised to contact: MrJ. 
A. Murie, University Department of Surgery, The Royal Infirmary, 
Edinburgh EH3 9YW, UK. 


Leadmg articles 


The Editors commission leading artıcles that are 600-900 words in 
length and address controversial topics of current interest. They should 
be supported by no more than ten key references. Submissions may be 
subjected to external review and assessment by the Editorial Board 
before acceptance. The Editors retain the right to alter style and shorten 
material for publication. An honorarium is payable on publication. 


Correspondence 
The Editors welcome topical correspondence. Letters should not 
exceed 250 words and should be typed double-spaced. 
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Typescripts 

Manuscripts must be clearly reproduced with adequate space for 
editorial notes. Present the text on one side of sheets of A4 paper (210 
x 297 mm) with double spacing and 4-cm margins. Begin each 
section (abstract, introduction, patients and methods, results 
and discussion) on a new page. Manuscripts that do not conform 
to these requirements will be returned for recasting. 


Title page 


On the title page give: (1) the title of the-article; (2) the name and 
initials of each author; (3) the department and institution to which the 
work should be attributed; (4) the name, postal and email 
' addresses, telephone and facsimile numbers of the author 


responsible for correspondence and to whom requests for . 


reprints should be addressed; (5) sources of financial support; 
and (6) the category in which the manuscript is being submitted 
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This must not exceed 200 words and should be presented in a 
structured format. Background: state why the study was done and its 
main aim. Method: describe patients, laboratory material and other 
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values. Conclusion. state the main conclusions but controversial or 
unexpected observations may be highlighted. 
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illustration on the reverse side giving its number (to correspond with 
its reference in the text) and the name(s) of the author(s); indicate the 
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Abbreviations must be used consisténtly and must be defined on first 
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“Numbers and units 


Use the decimal point, not a comma, for example 5-7. Use a space and 
not a comma after thousands and muluples thereof, for example 
10 000. Use SI units (International System of Units) except for the 
measurement of blood pressure (mmHg). 
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For detailed guidance on the handling of statistical material consult 
Br J Surg 1991; 78: 782-4. In evaluating a manuscript the Editors and 


statistical referees will consider thé design of the study, the 
presentation and analysis of data and the interpretation of results. 


Design 


Set out clearly the objectives of the study, idenufy the primary and 
secondary hypotheses, the chosen end-points and justify the sample 
size. Investigators embarking on randomized controlled studies may 
wish to consider the CONSORT statement (JAMA 1996; 276: 
637-9). 
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Whenever possible use graphical presentation to illustrate the main 
findings of a study. The use of standard deviation and standard error 
should be clearly distinguished and presented in parentheses after the 


mean values. 


Clearly describe methods used for each analysis. Methods not in 
common usage should be referenced. Report results of statistical tests 
by stating the value of the test statistic, the number of degrees of 
freedom and the P value. Actual P values should be reported to two 
decimal places, especially when the result ıs not significant. The 
results of the primary analyses should be reported using confidence 
intervals instead of, or in addition to, P values. 


Interpretation 


Take great care in your interpretations. Do not place undue emphasis 
on secondary analyses. 
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trainees working towards the MRCS/AFRCS examinations: 


STEP™ 


12 Modules. An interactive Website, 
College Days, and teleSTEP™ 


STEP™ (Surgeons in Training Education Programme) is a modular 
distance learning course designed specifically to support trainees 
working towards the MRCS/AFRCS examinations. 











Developed by the Raven Department of Education at The Royal College of 
Surgeons of England, under the editorial leadership of Mr Bill Ribbans, 
FRCS, consultant orthopaedic surgeon at Northampton General Hospital, 
STEP™ is published by Blackwell Science. 


STEP™ is available at £1,050.00 and comprises 
+ 12 modules + College Days ¢ eSTEP™ + teleSTEP™ pilot (where available) 


This course replaces the hugely successful course STEP-MRCS which was launched in 1996. Surgery i 
profession and since the introduction of that course, some sets of treatment guidelines have changed : 
technology has advanced rapidly. This new course is truly up-to-date, covering the examination syllabus 
practice in examination techniques, as well as reflecting new educational thinking. 








All of the modules are extensively illustrated throughout in full colour and each workbook covers both basic scient 
clinical topics. 








A key element of STEP™ are two College Days which provide an opportunity to learn about the College, its ac 
facilities, and provide advice and practice in preparation for the MRCS/AFRCS examinations. 





STEP™ is also supported by eSTEP™ which is a unique website that provides an interactive compon enti 
is open to everyone enrolled on STEP™ and is an ideal medium for communication with fellow trainees. ti 
College. A further unique feature is teleSTEP™ which is currently being piloted in collaboration wi L ‘ 
Plymouth as part of the SANTTSUR project and comprises a series of television broadcasts to complement bth if ‘STEP j 
distance learning course that are broadcast live using digital satellite technology. 


STEP™ is a comprehensive, easy to use, distance learning course, developed by The Roya! College of Surgeans 
of England. Its main aim is to provide the trainee with the breadth and depth of surgical knowledge needed for 
success in the MRCS/AFRCS examinations. 










is The Royal College of Surgeons of England Trainees can enrol now and will receive all modules published ne 
Ne at the time of purchase. The full set will be available eile 
in June 2001. Selence 





See 
STEP™, eSTEP™, and teleSTEP™ are trademarks of The Royal College of Surgeons of England. Registered Charity 





For further information on STEP™ and to receive an application pack, please contact STEP at th 
Department of Education, The Royal College of Surgeons of England, 35-43 Lincoin’s Inn Fields, London 


WC2A 3PE. Tel: 020 7869 6313 or 020 7869 6316 Email: step@reseng.ac.uk 
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PRESCRIBING 
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caused by sensitive bacteria Adults and 
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infections, septicaemia and polyrmcrobic intra- abdominal 
skin and lower respir 
Complicated appendicitis All Age Groups 
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infections in ngutropenic individuals"in combination with 


Dosage (intravenous use- only] 





Adults/elderly/children over 12 Usually 4.59 





hours 
(range from 2.25 - 4.59 eyary 6 - 8 hours dependent on the 
severity), In neutropenia 4.5g every 6 hours ın combeatior 
with an amind-glycoside. Children 12 years and under 
Only recommended for children with neutropenia or 
complicated appendicitis. For children 

with neutropenia the dose should 

be adjusted to SOmg/ko 

administered every 6 hours, in B e cau S e O u nN eve r kn OW 
combination with amino y 

glycoside not exceeding 459 


whee _ wat tO Expect... 


adjusted to 112. mg/kg administered every 8 hours, not 
exceeding 4.59 ev 
reduction may be necessary, please consult the SmPC 
Contra-indications Hypersensitivity to penicillin 
cephalosporin or B xias inhibitors. Warnings 
Discontinue if anaphylactic of allergic reaction occurs 
Precautions Periodic assessment of renal, hepatic and 
haematological function advised. Disco 


B hours. Renal impairment Dosing 











tinue if bleeding 





manifestations occur Resistant bacteria may 





supennfection. Convulsions may occur with higher than 
recommended doses Possibility of h¥pokalaerwa in 
patients with low potassium or on cytotoucs or diure 





Evaluate patients for syphilis prior to treatment tor 
gonorrhoea. Use dunng pregnancy or lactation Only it 
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gastro-intestinal G reactions 


including rashes, £ cana. allergn 
reactions, supenntectyon, phlebitis, thrombophlebitis and x ə 
pain/inflammation at site of injection Less frequent 
dry 
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mouth, stomatitis, sweating, oedema, tiredness K 
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muscle pam or weakness, hallucination, convulsior 





haematological changes, increases in liver and rarely 





renal function test 
nephritis, renal fa 
haemolytic anaemia have also been reported rarely 
Overdose Piperacillin may be réduced by dialysis 
Presentation Tazocin 225g: Vials containing 
piperacillin 2g (as pipe 
tazobactam 250mg (as tazobactam sodium) 


ves. leucopenia, interstitial 


ye, hepatitis, cholestatic jaundice and 





in sodium) and 





Tazocin 4.5g Vials containing piperacillin 4g las 
piperacillin sodium) and tar 





Ybactam 500mg (as 


tazobactam sodium). Basic NHS Price: 4.59 strength 





single vial £13.16, single infusion pack £14.48; 225 
strength single vial £7.24 PL ms 45g strength s 2 è $ . s 
ORS: 725 sgh FL OSS? Le ..even in children with complicated appendic 
Category: POM. Full prescribing information is available 
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